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TO 

SECOND  EDITION. 


The  pbesent  Edition  difiFers  from  the  first  in  the  following 
particulars : — 

Firstly.  The  Grerman  text  having  been  very  materially  altered, 
and  in  some  parts  entirely  recast,  many  sections  of  the  work  have 
had  to  he  retranslated  from  the  last  (sixth)  edition.  Through  the 
kindness  of  Professor  Hermann,  the  proof  sheets  of  the  latter  were 
forwarded  to  me  before  publication. 

Secondly.  Wherever  it  appeared  to  me  likely  to  conduce  to 
the  interests  of  the  English  reader,  I  have  supplemented  the  text 
by  the  addition  of  new  matter.  By  adopting  a  different  type,  the 
publishers  have  succeeded  in  compressing  within  the  same  space 
about  one-sixth  more  matter  than  was  contained  in  the  first 
edition.  Except  in  the  sections  which  treat  of  the  chemical  con- 
stituents of  the  animal  body  (pp.  12-58),  and  which  precede 
chap,  i.,  I  have  taken  care  to  distinguish  the  added  or  interpolated 
matter  by  enclosing  it  in  brackets,  thus  [  ].  In  those  sections, 
however,  the  alterations  and  additions  were  so  numerous  as  to 
render  this  plan  impracticable,  and  accordingly  it  is  impossible  for 
the  reader  to  distinguish  where  I  have  added  to  or  modified  the 
text.  The  reader  will  therefore  hold  Professor  Hermann  entirely 
irresponsible  for  any  views  or  statements  introduced  into  the  text 
from  pages  12-58  inclusive. 

Many  readers  had  remarked  upon  the  brevity  with  which  the 
functions  of  the  cranial  nerve  were   treated  of  in  Professor 
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Hermann's  work,  and  I  have  in  the  present  edition  added  very 
greatly  to  the  information  contained  in  the  Grerman  text.  A 
summary  of  the  anatomical  distribution  of  each  nerve  has  been 
added,  illustrated  by  admirable  diagrams,  for  which  I  have  to 
thank  my  friend  Dr.  Alfred  Young,  Assistant  Lecturer  on  Anatomy 
in  Owens  College. 

Thirdly.  Where  it  appeared  to  me  to  be  necessary,  diagrams  or 
drawings  of  apparatus  used  in  physiological  research  and  descrip- 
tion of  experimental  methods  have  been  introduced  ;  for  most  of 
these  drawings  also  I  am  indebted  to  Dr.  Young. 

Fomthly.  I  have  supplied  references  to  the  most  important 
memoirs  by  the  writers  referred  to  in  the  text. 

In  conclusion,  I  have  to  express  my  thanks  to  IN'Ir.  Priestley 
for  help  afforded  to  me  in  drawing  up  the  Index  of  the  present 
edition,  and  to  several  correspondents  who  most  com-teously  drew 
my  attention  to  errors  which  they  had  discovered  in  the  first 
edition  ;  especially  I  wish  to  express  my  acknowledgments  to  Mr. 
Alfred  Benson,  of  St.  Mary's  Hospital. 

ARTHUR  GAMGEE. 

Owens  Colleqb  : 

September  1878. 
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INTKODUCTION. 

Physiology  is  the  science  which  treats  of  the  normal  processes 
which  have  their  seat  in  the  living  bodies  or  organisms  of  plants 
and  animals.  The  processes  which  are  characteristic  of  living 
beings,  and  whose  sum  constitutes  life,  may  be  classified  as  orderly 
changes  of  (1)  their  chemical  constituents;  (2)  the  forces  which 
work  within  them ;  and  (3)  their  form.  Formerly  an  attempt 
was  made  to  explain  the  peculiar  processes  which  have  their  seat 
in  the  animal  organism,  by  supposing  it  to  be  endowed  with  pro- 
perties special  to  it,  and  heritable,  depending  on  a  supposed  '  vital 
forced  This  vague  conception  has,  however,  been  abandoned 
since  the  laws  of  inorganic  nature  have  been  discovered  to  preside 
over  the  most  thoroughly  investigated  processes  of  life,  and  es- 
pecially since  the  application  to  the  organic  world  of  a  great  prin- 
ciple of  modem  science  has  taught  us  the  relations  which  exist 
between  the  changes  in  the  matter  and  the  forces  of  organised 
beings.  Eelying  upon  this  knowledge,  we  beHeve  that  the  forces  of 
living  are  the  same  as  those  of  inanimate  bodies,  and  that  they  obey 
the  same  laws  ;  and,  consequently,  that  it  will  ultimately  be  pos- 
sible to  explain  the  hitherto  incomprehensible  phenomena  of  living 
beings,  particularly  their  morphological  processes,  by  physical  and 
chemical  laws.  This  conception  possesses,  quite  apart  from  its 
probability,  the  great  merit  of  introducing  into  the  study  of 
organic  natm-e  more  precise  views  and  more  accurate  research,  and, 
although  it  has  not  ])een  rigidly  proved,  will,  in  the  present  work, 
tacitly  underlie  the  exposition  of  the  processes  of  the  human 
organism. 


The  human  body,  like  that  of  every  other  animal,  is  an  organisni 
in  which,  by  the  chemical  changes  of  its  constituent  -purts, poteyitiaL 
is  converted  into  kinetic  energy. 

•  These  chemical  changes  depend  on  the  presence,  within  the 
organism,  of  energy-yielding  substances. 

The  greater  number  of  the  chemical  operations  which  occm-  in 
the  living  body,  and  which  are  accompanied  with  the  manifestation 
of  kinetic  energy,  are  oxidations,  or  decompositions  which  depend 
on  oxidation  ;  nevertheless,  there  are,  in  all  probability,  other  pro 
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cesses  which  are  so  accompanied.  The  energy-yielding  material 
of  the  organism  is  chiefly  represented,  on  the^  one  hand,  by  oxi- 
dizable  (organic)  combinations ;  on  the  other  by  free  oxygen. 

The  foUowiug  is  an  instance  of  a  simple  oxidation : 

2  0,H,NA    +    0,    =    2  0JI,N,03 

Xanthine  Oxygen  Uric  acid 

An  example  of  a  decomposition  depending  on  oxidation  is : 

O.HgO,     +     3  0,     =     O^H.O,     +     2  00^     +     2  H,0 

Butyric  acid  Oxygen  Acetic  acid    ,      Carbonic  acid  Water 

The  following  may  be  adduced  as  examples  of  other  decompositions 
occurring  in  the  body,  and  which  are  associated  with  a  manifestation  of  kinetic 
energy 

a.  Simple  decompositions,  e.g. 

(1)  0,H,A    =  2O3HA 

Sugar  Lactic  acid 

(2)  CgHj^Oe    =    2  0Mfi    +  200, 

Sugar  Alcohol  Carbonic  acid 

h.  Hydrolytic  decompositions,  in  which  a  body  splits  up  after  combining 
with  the  elements  of  water  : 

0„H„„0,  +  3H,0  =  3  0,3X13  A  +  O3H3O3 

Steai-in  Water  Stearic  acid  Glycerin 

Every  act  of  the  organism  must  diminish,  to  a  corresponding 
extent,  the  energy-yielding  store  which  it  contains.  As  the  pro- 
ducts of  the  chemical  changes,  even  when  they,  in  the  first  place, 
have  definite  purposes  to  fulfil  in  the  body,  are  ultimately  thrown 
off  from  it ;  and,  moreover,  as  the  reconversion  of  these  products 
into  the  substances  from  which  they  were  originally  derived  would 
require  the  expenditure  of  as  much  energy  as  is  generated  during 
the  process  of  decomposition,  it  follows  that  a  restitution  of  energy- 
yielding  substances  can  only  take  place  from  without.  It  is,  there- 
fore, essential,  in  order  that  the  organism  should  continue  to  exist, 
that  it  be  continuously  supplied  with  free  oxygen  and  oxidizable 
substances.    The  latter  are  called  the  organic  constituents  of  food. 

In  addition  to  its  energy-yielding  constituents,  the  organism 
possesses  other  (inorganic)  substances,  which  do  not  fm-nish  it  with 
energy.  Their  uses  are  only  imperfectly  ascertained,  though  they 
appear,  in  gxeat  part,  to  be  mechanical.  Some  serve  as  solvents 
for  organic  bodies,  some  play  an  important  pai't  in  the  formation 
of  the  solid  parts  of  the  body,  whilst  others  are  in  complex  com- 
bination with  essential  organic  constituents.  Even  the  inorganic 
substances  are  continually  being  thi-ovm  out  of  the  body  in  certain 
quantities,  serving,  in  part,  as  solvents  for  the  products  of  decom- 
position which  have  to  be  eliminated.  The  inorganic  substances 
of  the  body,  therefore,  like  the  organic,  have  to  be  continually 
replaced  by  others  taken  from  without,  which  constitute  the  inor- 
ganic constituents  of  food. 

It  follows  from  what  has  been  said  that  the  existence  of  the 
organism  is  associated  with  a  continual  movement  of  matter  into 
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find  out  of  it,  which  constitutes  what  may  be  termed  the  exchange 
of  matei-ial  of  the  organism  (Stoffwechsei  des  Organismus). 

The  plant  takes  the  products  of  the  chemical  operations  of  the  animal  body 
(carbonic  acid,  water,  ammoniacal  salts)  and  reduces  them  ;  it  arranges  their 
radicals  (carbon,  hydrogen,  nitrogen,  &c.)  side  by  side,  combines  them  with 
oxygen,  and,  storing  them  up  within  itself  as  organic  compounds,  it  restores  the 
greater  part  of  the  liberated  oxygen  to  the  atmosphere.  In  the  separation  of 
the  once  combined  molecules,  a  certain  amount  of  kinetic  energy  is  expended, 
which  is  exactly  equal  to  the  amoimt  of  potential  energy  remaining  in  the 
separated  elements:  we  may,  therefore,  say  that  in  the  process  of  reduction 
kinetic  is  converted  into  potential  energy.  The  kinetic  energy  which  the  plant 
receives  is  apparently  yielded  to  it,  first  by  conducted  heat  (plants  cool  the 
bodies  in  their  vicinity),  secondly  by  radiated  heat,  thirdly  by  absorbed  light 
(chemical  rays).  The  potential  energy  into  which  these  forms  of  kinetic  energy 
are  converted  is  associated  with  the  liberated  oxygen  and  the  oxidizable  organic 
compounds  stored  up  in  the  plant.  (We  must  not  forget,  however,  that  even 
in  plants  there  occur  processes  which  are  similar  in  nature  to  those  which  are 
characteristic  of  the  animal  body ;  thus  many  of  the  parts  of  plants  generate 
heat.  Further,  the  processes  of  development  in  the  plant,  as  in  the  animal, 
require  kinetic  energy.)  From  what  has  been  stated  there  follows  the  most 
weighty  conclusion,  viz.  that  the  vegetable  and  animal  kingdoms  are  mutually 
dependent  on  one  another.  The  plant,  acting  as  a  reducing  agent,  converts 
kinetic  into  potential  energy ;  the  animal,  acting  as  an  oxidizing  agent,  converts 
potential  into  kinetic  energy.  The  plant  uses  the  oxidation-products  of  the 
animal,  OO2,  HjO,  &c. ;  the  animal  uses  the  reduction-products  of  the  plant — 0, 
on  the  one  hand,  and  the  organic  compounds  of  0,  H,  N,  0,  &c.,  on  the  other. 
These  organic  compounds  built  up  by  the  plant,  if  we  except  inorganic  matters, 
constitute  the  only  nourishment  of  animals,  for  even  carnivorous  animals  merely 
consume  the  elements  of  vegetable  food  which  have  been  modified  and  stored 
up  for  a  time  in  the  tissues  of  the  creatui'es  upon  which  they  feed. 

The  amount  of  kinetic  energy  developed  in  the  chemical  pro- 
cesses of  the  organism  is  entirely  determined  (in  any  case)  by  the 
nature  of  the  process  and  the  amount  of  the  constituents  which 
take  part  in  it.  The  modes  of  motion,  however,  in  which  the 
kinetic  energy  manifests  itself,  the  activities  of  the  body,  which 
result  from  the  chemical  changes,  depend  upon  conditions  with 
which  we  ai-e  unacquainted.  We  merely  know  that  certain  results 
are  associated  with  specific  apparatuses  of  the  body,  which  we  term 
organs,  and  which  are  distinguished  from  one  another,  not  only  by 
the  substances  which  they  contain  (their  chemical  composition), 
but  also  by  their  peculiar  structure.  The  most  general  forms  of 
motion  which  result  from  chemical  changes  are  heat,  and  changes 
in  the  state  of  aggregation  and  in  form.  These  changes  may 
either  proceed  with  imperceptible  slowness  in  the  smallest  parts, 
and  are  then  designated  growth,  division,  &c.,  or  they  manifest 
themselves  on  a  larger  scale  as  the  visible  motion  of  masses 
{mechanical  ivork).  Electricity  is  also  one  of  the  forms  of  energy 
which  result  from  chemical  changes  ;  in  many  animals  there  is 
also  an  evolution  of  light. 

The  same  organ  can,  either  simultaneou.sly  or  at  different  times, 
give  rise  to  different  manifestations  of  energy. 
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There  exist  -well-known  (equivalent)  quantitative  relatione  between  the 
various  forms  of  motion.  A  decomposition  which,  if  leading  to  the  formation 
of  heat,  develops  one  heat-unit,  will,  if  it  accomplishes  mecbanical  work,  per- 
form 424  grammetres  of  work ;  *  one  unit  of  heat  can  therefore  be  converted 
into  424  grammetres  of  work,  and  conversely. 

The  chemical  changes,  and  consequently  the  activities  of  the 
body,  are  in  great  part,  if  not  altogether,  subjected  to  a  certain 
regulating  influence,  which  proceeds  from  a  peculiar  apparatus 
which  we  denominate  the  nervous  system.  This  influence,  na- 
turally, affects  not  only  the  amount  and  nature  of  the  products 
of  chemical  change,  but  also  the  amoimt  of  energy  which  becomes 
kinetic,  i.e.  it  affects  the  acts  performed  by  the  body.  According 
to  om  views  of  the  functions  of  an  organ  do  we  place  this  or  that 
effect  of  the  influence  in  the  foregroimd.  Thus  in  the  case  of  a 
muscle  we  regard  the  influence  of  a  nerve  on  its  motion,  and  there- 
fore on  the  work  which  it  can  accomplish,  as  the  essential  effect ; 
whilst  we  habitually  overlook  the  simultaneous  influence  which  the 
nerve  exerts  on  the  quantity  of  the  chemical  products  which  are 
generated  in  the  muscle.  In  glands,  on  the  contrary,  the  in- 
fluence which  the  nerves  supplying  them  exert  on  their  chemical 
products,  viz.  on  the  specific  constituents  of  their  secretions, 
appears  to  be  the  essential  result,  whilst  the  contemporaneous  in- 
fluence on  the  production  of  heat,  i.e.  on  the  evolution  of  kinetic 
energy,  is  usually  neglected. 

The  mode  in  which  this  influence  of  the  nervous  system  is 
exerted  is  as  yet  quite  unknown  to  us.  From  a  mechanical  point 
of  view,  this  influence  may  be  regarded  as  a  liberating  force,  i.e. 
as  a  force  which  leads  to  a  conversion  of  a  certain  amount  of  po- 
tential into  kinetic  energy. 

It  is  well  known  that  an  infinitely  small  liberating  force  may 
liberate  large  quantities  of  kinetic  energy,  and  it  is  exceedingly 
probable  that  even  the  liberating  forces  of  the  nervous  system,  if 
measured  as  forces,  would  be  very  small  in  amount,  and  conse- 
quently that  the  chemical  changes  necessary  to  their  evolution,  as 
to  that  of  all  the  other  forces  of  the  organism,  are  but  of  small 
magnitude. 

A  second  equally  obscm-e  influence  of  the  nervous  system  is 
that  which  conditions  the  bodily  acts  by  which  the  liberated 
energy  manifests  itself ;  this  qualitative  influence  of  the  nervous 
system  appears  to  be  closely  associated  with  its  influence  on  the 
quantity  of  the  energy  transformed. 

The  following  remarks  may  render  more  easy  the  conception  of  a  '  liberating 
force.'  A  liberating  force  is  one  wbich  removes  any  hindrance  or  impediment 
to  the  conversion  of  potential  into  kinetic  energy.  A  clock  wound  up,  but 
prevented  from  going  by  a  catch,  represents  a  certain  amount  of  potential 


1  A  unit  of  heat  is  the  amount  of  heat  which  is  required  to  raise  the  temperature  c 
1  gramme  of  water  1°  Centigrade.  A  grammetre  ia  the  amount  of  work  expended  i 
liftiEg  1  gramme  to  the  heiglit  of  1  metre. 
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energy ;  the  position  of  its  weiglits  or  of  its  spring  cannot  then  be  converted  into 
motion.  So  soon,  however,  as  the  catch  is  withdrawn,  the  potential  energy- 
becomes  kinetic,  the  weight  falls  or  the  spring  approaches  its  original  form,  and 
the  clock  goes.  The  force  which  removes  the  catch,  which  therefore  liberates 
the  clock,  and  liberates  its  potential  energy,  may  be  called  '  the  liberating 
force.'  Its  magnitude  often  bears  no  proportion  to  that  of  the  energy  set  free ; 
the  same  force  which  withdraws  the  catch  which  impeded  the  motion  of  a 
clock  driven  by  a  gramme  weight,  might  also  liberate  a  clock  driven  by  a 
hundred  weight. 

Other  examples  of  such  liberations  are : — 

A  spark  which  inflames  a  mass  of  gunpowder,  and  consequently  sets  free 
enormous  quantities  of  energy,  or  a  slight  movement  which  closes  the  circuit  of 
a  powerful  battery.  There  occur,  however,  cases  of  liberation  in  which  the 
liberating  force  does  not,  as  in  the  cases  cited  above,  instantly  set  free  the 
whole  store  of  energy,  but  only  a  portion,  which  bears  a  definite,  though  it  may 
be  a  complicated,  relation  to  its  own  magnitude.  Let  us  take  the  case  of  a 
head  of  water  confined  by  a  sluice  with  a  rectangular  door.  The  quantity  of 
water  which  will  flow  out,  and  the  kinetic  energy  represented  by  its  fall,  will 
depend  upon  the  height  to  which  the  sluice-door  has  been  raised,  and  upon  the 
force — here  acting  as  a  liberating  force — expended  in  raising  it. 

All  the  phenomena  of  liberation  which  occm*  in  the  body  appear  to  bear 
some  resemblance  to  the  last  case  which  has  been  cited. 

A  closer  survey  of  the  nervous  system  reveals  the  fact  that 
not  only  does  it  exert  a  liberating  influence  on  the  organs  of  xvork 
of  the  body,  but  that  its  own  constituent  parts  exert  a  similar 
action  one  upon  the  other.  By  organs  of  work  we  may  shortly 
designate  those  organs,  such  as  muscles  and  glands,  in  which  con- 
siderable amounts  of  energy  become  kinetic  and  apparent  to  us  in 
the  form  of  mechanical  work,  heat,  &c. 

A  portion  of  the  nervous  system — that  engaged  in  conducting 
— may  be  looked  upon  as  consisting  of  series  of  elementary  parts, 
of  which  each  one  possesses  a  certain  amount  of  potential  energy, 
and  which  are  so  closely  connected  together  that  the  energy  which 
has  been  liberated  in  one  part  serves  to  liberate  the  energy  of  the 
adjoining  elementary  parts;  thus,  a  liberating  force  which  acts  on 
the  first  of  these  elementary  parts  produces  a  series  of  liberations, 
until  at  last  the  energy  set  free  in  the  ultimate  particles  situated 
in  some  other  organ  (as  an  organ  of  work)  brings  about  the  libera- 
tion of  _  forces  within  that  organ.  We  distinguish  two  kinds  of 
liberating-chains,  possessing  distinct  origins  and  terminations. 
The  one  kind  proceeds  from  the  so-called  organs  of  the  senses,  i.e. 
from  organs  on  which  an  external  influence  (as  pressure,  heat, 
sound,  light,  &c.)  acts  as  a  liberating  agent,  and  terminates  in 
the  so-called  central  organs  of  the  nervous  system ;  to  which  we 
give  the  name  of  centripetal  chains,  or  centripetal  nerveS;  The 
second  kind  (the  centrifugal  chains),  on  the  other  hand,  proceeds 
from  the  central  organs  of  the  nervous  system,  and  terminates  in 
the  organs  of  work. 

The  central  organs  of  the  nervous  system  may,  consequently, 
be  looked  upon  as  the  points  of  departure  and  of  entrance  of 
bberating-chains.    We  are,  however,  unacquainted  with  the  natiu-e 
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of  the  processes  which,  in  the  case  of  centrifugal  chains,  act  as 
hberatmg  causes,  or  in  the  case  of  centripetal  chains  are  the  result 
ot  the  influences  which  travel  to  the  centre.  In  reference  to  these 
questions,  we  merely  possess  hypotheses  which  will  be  discussed  in 
the  section  which  treats  of  the  central  organs  of  the  nervous 
system.  Here,  it  may  however  be  merely  mentioned,  that  there 
are  many  cases  in  which  the  question  appears  to  be  easily  solved, 
viz.  cases  in  which  a  centripetal  chain,  acting  through  a  central 
organ,  immediately  liberates  a  centrifugal  chain,  so  that  essentially 
there  exists  only  a  single  chain  commencing  in  a  sense-organ  and 
terminating  in  a  work-organ  (reflex  action). 

Finally,  we  must  mention  that  in  a  part  of  the  central  organs 
certain  material  processes— amongst  others  such  as  are  capable  of 
liberating  centrifugal  chains  and  such  as  are  the  results  of  centri- 
petal liberations— are  accompanied,  in  an  inexplicable  manner, 
with  wholly  undefinable  phenomena,  which  characterize  the  states 
of  consciousness.  The  term  mind  may  be  applied  to  the  com- 
bination of  all  the  actual  and  possible  states  of  consciousness  of  the 
organism. 


It  is  the  province  of  Physiology  to  investigate  the  molecular 
processes  of  the  organism,  and  to  connect  with  these  all  its  func- 
tions. The  means  of  treating  in  a  scientific  manner  the  phe- 
nomena of  mind  are  completely  wanting,  inasmuch  as  these 
phenomena  cannot  be  brought  into  relation  with  any  of  our  scien- 
tific conceptions.  Physiology  must  here,  therefore,  provisionally 
limit  herself  to  the  investigation  of  the  organs  with  which  they 
are  connected.  Even  of  the  remaining  tasks  of  the  science,  the 
solution  of  which  we  may  venture  to  designate  as  possible,  but  a 
few  have  been  really  accomplished. 


It  is  difficult  to  follow  a  strictly  logical  course  in  the  exposition 
of  the  facts  which  have  been  already  discovered.  Seeing  that  our 
knowledge  of  the  relation  between  the  chemical  processes  and  the 
forces  of  the  organism  is  so  limited  that  it  is  nearly  all  included 
under  the  general  observations  which  have  already  been  made,  it 
would  be  vain  to  attempt  to  expound  them  in  their  natural  and 
close  mutual  relations.  It  is  more  convenient,  therefore,  to  con- 
sider in  two  distinct  parts  of  this  work  the  Material  exchanges  and 
the  Transformations  of  Energy  of  the  organism.  But  here  a 
fresh  difficulty  arises  out  of  the  mutual  relations  of  the  organic 
processes.  The  forces  of  the  organism  are  often  employed  in 
directing  its  matter,  so  that  a  knowledge  of  these  forces  is  requi- 
site, in  the  first  place,  for  the  proper  imderstanding  of  the  material 
circulation.    Hence  it  happens  that  even  in  the  First  Part  of  this 
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book,  which  treats  of  the  Exchanges  of  Matter,  reference  is  often 
made  to  movements,  therefore  to  energy  which  has  become  kinetic, 
though,  natm-ally,  no  reference  is  made  to  its  origin.  Conversely, 
our  knowledge  of  the  characteristic  changes  in  the  matter  of  some 
organs  of  work  is  so  limited,  that,  for  many  reasons,  it  is  more 
convenient  to  state  what  has  been  discovered  concerning  it  in  the 
Second  Part,  when  treating  of  the  Organs  of  Work  {e.g.  the 
muscles). 

The.  Third  Part  of  this  book  treats  of  the  Physiology  of  the 
Liberating  Organs — i.e.  of  the  Nervous  System.  The  Fourth 
Part  discusses  the  origin,  development,  the  periodic  changes,  and 
the  death  of  the  organism. 


PAKT  I. 


THE  EXCHANGES  OF  THE  MATTER  OF  THE 

ORGANISM. 


INTRODUCTION — CHEMICAL    CONSTITUENTS    OF  THE    HUMAN  BODY. 

Elements. 

The  following-  elements  enter  into  the  composition  of  the  human 
body:  oxygen,  hydrogen,  carbon,  nitrogen,  sulphur,  phosphorus, 
chlorine,  fluorine,  silicon; — potassium,  sodium,  calcium,  mag- 
nesium, iron,  manganese. 

Copper  and  lead  are  found  as  occasional,  and,  very  probably,  imimportant 
constituents.  (The  supposed  discovery  of  the  former  metal  has  probably  been 
owing  to  the  use  of  reagents  containing  copper,  Lessen.)  Probably  other 
universally  diffused  metals,  as  lithium,  are  present,  in  minute  quantities,  in  the 
body. 

Only  a  few  of  the  above-mentioned  elements  occur  in  a  free 
condition  '  in  the  body,  namely  : 

1.  Oxygen  0^  0=0,  enters  the  body  in  a  free  state,  and  serves 
to  oxidize,  or  burn,  the  substances  which  enter  into  its  composi- 
tion. For  reasons  which  will  be  subsequently  given,  some  have 
falsely  surmised  that  it  is  in  its  condition  of  ozone,  O3  —0—0—0- 

or        that  oxygen  is  able  to  effect  these  oxidations  without  the 

aid  of  a  high  temperature.  Oxygen  is  found  in  all  the  fluids  of 
the  body,  either  in  a  state  of  simple  solution  or  loosely  com- 
bined. 

The  existence  of  a  third  modification  of  oxygen,  '  antozone,'  concerning 
•whose  properties  statements  differ,  is  now  denied,  and  the  phenomena  ascribed 
to  it  are  explained  by  the  presence  of  hydric  peroxide. 

2.  Nitrogen  N2  is  absorbed  from  the  atmosphere  in  a 
free  condition,  and  is  consequently  found  dissolved  in  the  fluids 

'  It  must  be  remembered  that  even  elements  in  a  so-called  free  condition  are  combiaa- 
tiona  of  several  atoms,  e.g.  Oxygen,  Og  ;  Ozone,  O3 ;  Isitrogen,  Nj. 
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of  the  body.  In  additiou,  it  is  probably  set  free  in  the  oxida- 
tion of  nitrogenous  organic  compounds,  and  eliminated  in  this 
condition. 

Even  Hydrogen,  II^,  occurs  in  the  alimentary  canal  as  a  product  of  decom- 
position ;  probably  it  originates  in  the  butyric  acid  fermentation. 

Chemical  Compounds. 

The  formation  of  chemical  compounds  from  their  elements 
or  from  more  simple  compounds,  by  so-called  synthetic  processes, 
has  hitherto  only  been  discovered  to  occur  in  the  body  to  a  very 
slight  extent.  The  more  accurately  known  chemical  processes  of 
the  body  consist,  on  the  contrary,  chiefly  in  the  falling  to  pieces 
of  complicated  compounds,  whose  composition  is  only  partially 
known,  and  whose  constitution  is  entirely  unknown  to  us  ;  these 
bodies  contain  carbon,  hydrogen,  and  oxygen ;  many  contain,  in 
addition,  nitrogen  ;  some  also  sulphur,  phosphorus,  and  iron.  The 
most  important  agent  in  bringing  about  this  falling  to  pieces  is 
the  oxygen  which  enters  the  body  in  respiration,  under  whose 
influence  complicated  bodies  split  up  into  more  simple  ones,  which 
contain  more  oxygen,  and  which  are  called  oxidation-products.  The 
simplest  products  which  arise  in  this  way  are  carbonic  acid,  sul- 
phuric acid,  phosphoric  acid,  and  water  ;  when  these  substances 
are  formed,  the  individual  elements  combine  with  as  much  oxygen 
as  they  can  in  general  take  up.  Nitrogen  never  separates  in 
combination  with  oxygen,  but  it  either  isolates  itself  entirely  and 
is  then  excreted  in  a  gaseous  form — an  occurrence  which  has  not 
been  absolutely  proved — or  it  leaves  the  body  in  simple  combina- 
tions, e.g.  as  ammonia,  or  as  ammoniacal  compounds  (ammonias 
whose  hydrogen  is  replaced  by  other  atomic  combinations)  like 
urea. 

Between  these  simple  combinations  which  the  organism  throws 
off,  and  the  complex  bodies  which  it  receives,  there  exist  a  very 
large  number  of  intermediate  substances,  which  form  the  princi- 
pal constituents  of  the  body. 

The  most  thoroughly  known  of  these  substances  are  those 
whose  chemical  constitution  is  most  simple  ;  in  other  words,  which 
are  soonest  to  be  eliminated.  In  the  latter  we  can  with  tolerable 
accuracy  follow  the  course  of  the  oxidation  and  the  gradual  simpli- 
tication  of  the  combinations ;  many  of  these  compounds  can  be 
obtained  by  the  oxidation  of  the  substances  which  precede  them, 
and  conversely  many  of  the  more  simple  compounds  can  be  syn- 
thetically obtained  from  their  elements.  The  origin  of  the  more 
complicated  and  little  known  compounds  cannot,  however,  with 
equal  certainty,  be  referred  to  oxidation,  and  it  is  possible  (nay,  to 
a  certain  extent,  probable)  that  in  their  production  synthetic  pro- 
cesses come  into  play. 
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A  number  of  substances  which  enter  the  body  do  not  undergo 
such  changes  as  have  been  alluded  to,  but  pass  through  it  without 
any  change  taking  place  in  the  grouping  of  the  atoms  which  com- 
pose them.  These  so-called  inorganic  matters  play  a  part  in  the 
body  which  is  not  ^yet  thoroughly  known.  The  chief  of  these, 
water.,  serves  in  the  body  as  the  general  solvent :  it  forms,  in  so 
far  as  regards  bulk,  the  chief  constituent  of  all  the  organs  but  the 
bones,  and  it  is  received  into,  and  separated  from,  the  body  in  large 
quantities,  a  small  quantity  being  actually  formed  by  oxidation  in 
the  body. 

The  other  inorganic  matters  are  the  so-called  inorganic  salts. 
They  also  occur  in  all  parts  of  the  body,  but  (except  in  the  bones, 
which  are  composed  mainly  of  salts)  only  in  small  quantity  ;  when 
the  tissues  of  the  body  are  burned  these  salts  remain  as  '  ashes.' 
Their  importance  in  the  organism  is  only  imperfectly  understood. 
In  great  part  they  appear  to  be  not  merely  simply  dissolved,  but 
to  form  unknown  chemical  compounds  with  the  more  complex, 
organic  constituents.  We  can  only  thus  explain  the  constant 
relation  which  they  bear  to  other  substances  [e.g.  in  the  bones) 
and  the  fact  that  the  solubility  and  behaviour  of  certain  bodies 
{e.g.  the  albuminous  bodies)  depend  very  much  upon  the  salts 
which  accompany  them.  Our  knowledge  of  the  salts  which 
are  really  present  in  the  organism  is,  moreover,  still  very  incom- 
plete, seeing  that  chemical  analysis  of  the  ashes  only  acquaints  us 
with  the  acids  and  metals,  but  not  with  the  salts  which  they  con- 
tain ;  and,  further,  a  portion  of  the  acids,  which  occur  in  the  ashes, 
are  only  formed  in  the  process  of  combustion  (e.g.  phosphoric, 
sulphuric,  and  carbonic  acids). 

Amongst  the  salts  which  are  found  in  the  excreta  there  are 
some  which  have  not  entered  the  body  in  the  food,  but  which 
originate  within  it.  This  is  the  case  with  carbonates,  sulphates, 
and  phosphates. 

The  chemical  compounds  which  occur  in  the  animal  body  will 
in  the  work  be  grouped  into  the  following  classes : — 

1.  Water. 

2.  Acids  and  salts. 

3.  Alcohols. 

4.  Ethers  and  anhydrides. 

5.  Ammonia  and  ammoniacal  derivatives. 

6.  Complex  bodies  of  unknown  constitution. 
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1.  WATER. 

Water  HgO  h-o-h,  as  has  already  been  remarked,  is  a  gene- 
ral solvent,  and  one  of  the  chief  constituents  of  all  the  juices  and 
tissues  of  the  body  (it  forms  about  70  per  cent,  of  the  wliole  body). 
It  is  continually  being  taken  into  the  body  in  large  quantities 
with  the  food,  and  continually  being  excreted;  small  quantities 
are  formed  in  the  body  by  the  oxidation  of  the  hydrogen  of  organic 
compounds. 

Peroxide  of  Hydrogen,  HO  H— o-  or  HjOj  H— o— 0— H,  lias  been  supposed  by 
some  to  occur  in  the  bodj^,  and  to  play  a  part  in  the  oxidation-processes  which 
go  on  within  it. 


2.  ACIDS  AND  SALTS. 

The  following  acids  exist,  in  part  free,  in  part  in  salts,  in  part 
as  constituents  of  complex  compounds  to  be  afterwards  alluded  to 
(ethers,  amido-compounds).^ 

a.  Inorganic  Acids  (i.e.  containing  no  Carbon). 

1.  Hydrochloric  Acid  HCl  ci— h  exists  in  a  free  state  in  the 
gastric  juice  (perhaps  as  a  more  complex  acid  compound).  Its 
salts  (chlorides)  are  widely  diffused  throughout  the  body,  e.g. 
sodium  chloride,  calcium  chloride,  &c. 

2.  Sulphm-ic  acid  S'^O^  (OH)^ 

o  0 
*     \/  » 

H— 0— S— 0— H 

occurs  in  the  body  in  salts  (neutral  sodium  sulphate,  calcium 
sulphate),  and  in  more  complex  compounds  (see  Taurine,  Albumi- 
nous Bodies). 

The  acid  secretion  of  Dolium  galea  contains  free  sulphuric  acid  (De  Luca 
and  Panceri,  'Oomptes  Rendus,'  1867,  p.  677). 

3.  Phosphoric  acid  (common,  tribasic  or  ortho-phosphoric  acid) 

0 

«  II 

H—O-P-O-H 

P-0(0H)3  i 


1  In  the  graphic  formiilaj  of  acids  which  follow,  those  hydrogen  atoms  which  are  re- 
placeable by  metals  are  indicated  by  an  appended  asterisk  ^  according  to  the  number  of 
these  asterisks  the  acid  is  mono  ,  di-,  or  polybasic. 
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occurs  in  salts,  as  neutral  and  acid  potassium  and  sodium  phos- 
phates, basic  calcium  phosphate,  basic  magnesium  phosphate,  phos- 
phate of  magnesium  and  ammonium  (VO^^lg^Yl^),  and  frequently 
in  more  complex  compounds  (see  Glycerin-phosphoric  Acid, 
Lecithin). 

4.  Silicic  acid  SiOj  o=si=o  has  been  found  in  some  tissues  of 
the  body,  perhaps  only  as  an  accidental  constituent,  through  the 
inhalation  of  sand  dust. 


h.  Organic  Acids. 

5.  Fatty  acids  (general  formula  CnIT2n_jO  (OH).) 
The  series  of  fatty  acids  at  present  known  includes 


Forniic  acid  . 
Acetic  acid 

Propionic  acid 

Butyric  acid  . 

Valerianic  acid 
Oaproic  acid  . 
Oenanthylic  acid 
Oaprjdic  acid  . 
Pelargonic  acid 
Oapric  acid 
Laurostearic  acid 
Myristic  acid  . 
Palmitic  acid  . 
Margaric  acid  . 
Stearic  acid  . 
AracWdic  acid 


OHO(OH) 
02H30(0H) 

C3H,0(0H)  H. 


H-C-O- 
H  0 


-H 


H— C— C— 0— H 


H 
H  H 

J,    I  « 

:— c— c— I 


0 

II  • 

0— 0— H 


0,H,0(OH) 


H  H 
H  H  H  0 

I  I  I  II  • 
H— C— C— C -C— 0— H 


OnHg^Oj  (probably  a  mixture  of  O^^H^^O^  and 


These  monobasic  acids  form  a  '  homologous '  series ;  their 
boiling  point  rises  19°  C.  with  every  addition  of  CR^ ;  those  which 
contain  less  carbon  are  fluid  and  volatile,  those  which  contain  more 
carbon  are  solid  and  not  volatile.  The  latter  are  obtained  from 
the  former,  by  oxidation,  CH^  being  removed  (carbonic  acid  and 
water  being  formed). 


30 


O3II3O, 


CO, 


Butyric  acid  Propionic  acid 

Free  fatty  acids  are  frequently  found  in  the  analysis  of  the 
constituents  of  the  body ;  yet  their  presence  during  life  has  not 
been  positively  determined.    The  solid  fatty  acids  occur  sometimes 
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in  a  crystallized  condition  within  cells  which  previously  contained 
fats.  Alkaline  salts  of  the  fatty  acids  (soaps,  soluble  in  water), 
further  amido-compounds  (see  below  Glycine,  Leucine),  and  chiefly 
certain  ethereal  compounds  of  the  fatty  acids  (called  Neutral  Fats) 
occur  in  many  of  the  constituent  parts  of  the  body.  The  fatty 
acids  are  in  addition  constituents  of  still  more  complicated  com- 
pounds (see  Lecithin). 


6.  Glycollic  Acids  (general  formula  CJl2n_^0{OR)2). 

The  glycollic  acids  are  derived  from  the  fatty  acids  by  oxida- 
tion, by  the  substitution  of  one  H-atom  by  OH  ;  even  the  H  of 
the  OH  can  be  replaced  by  a  metal,  so  that  these  acids  are  dibasic. 

F"rom  those  fatty  acids  which  contain  more  than  two  carbon 
atoms  (viz.  from  propionic  acid  upwards)  several  isomeric  glycollic 
acids  can  be  obtained,  according  to  the  carbon  atom  to  which  the 
second  OH  group  adds  itself;  thus  arise,  for  instance,  the  two 
isomeric  lactic  acids  (oxypropionic  acids),  which  differ  in  their 
salts. 

The  following  are  the  glycollic  acids  as  yet  known : 

o 
II 


Carbonic  acid  (oxyformic  acid)     00(OH)j  h_o— c— o— H 

H  0 

Glycollic  acid  (oxyacetic  acid)  C2H20(OH)2 


«       I    II  « 

H— 0— 0— C— 0— H 


Lactic  acid  (oxypropionic  acid)  :  C3H^0(0H)j 

H  H  O 

Sarcolactic  acid       ....    h_o—  — H 

H  H  0 

Ordinary  lactic  acid        .       .       .       h— c— d— o— o-  h 

H  d 

Butylactic  acid  (oxybutyric  acid)       O^HgOj  ^ 
Valerolactic  acid  (ox>Talerianic  acid)  O.HjiOg 
Leucic  acid  (oxycaproic  acid)  OglijoOj 


« 


Of  these  acids  only  carbonic  and  the  two  lactic  acids  occur 
in  the  organism ;  glycollic  and  leucic  acids  (oxyacetic  and  oxy- 
caproic acids)  are  obtained  from  glycine  (amido-acetic  acid)  and 
leucine  (amido-caproic  acid),  by  the  action  of  nitious  acid. 

Carhoiiic  acid. — Carbonic  acid  as  it  has  been  represented  in 
the  above  graphic  formula  does  not  exist  in  a  free  state ;  we  are 
only  acquainted  with  its  anhydride  COj  o=c=o. 

Carbonic  acid  occurs  either  in  the  free  state  (as  absorbed  gas), 
in  the  form  of  neutral  and  acid  salts,  or  in  amido-compounds  such 
as  Urea,  in  nearly  all  the  component  parts  of  the  body,  and  is 
excreted  in  all  these  forms  in  large  quantities  as  tlie  principal 
oxidation-compound  of  the  body.    The  carbonates  which  occur  in 
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the  ash,  are  generally,  in  part,  produced  during  the  process  of 
ignition.  The  most  important  carbonates  found  in  the  body  are, 
sodium  carbonate,  acid  sodium  carbonate  (NajCOg  and  NaHCOg), 
calcium  carbonate  (CaCOg),  and  magnesium  carbonate  (MgCOg), 

Lactic  add. — Of  the  four  isomeric  lactic  acids  atpresent  known, 
at  least  two  occur  in  the  body;  these  are — 1.  common  lactic 
acid,  or  a  oxyproprionic  acid,  and,  2.  paralactic  or  sarcolactic 
acid. 

1.  Ordinakt  Lacttc  Acid  (a  oxypropionic  acid).— This  variety  of  lactic 
acid  exists  in  the  gasti-ic  juice,  and  in  the  intestinal  contents.  It  is  developed 
when  milk  tm-ns  sour,  or  is  curdled  by  rennet,  and  occurs  as  a  product  of  a 
peculiar  '  lactic '  fennentation  of  gum,  starch,  sugar,  and  other  vegetable  pro- 
ducts. 

It  is  most  conveniently  prepared  by  dissolving  cane  sugar  and  a  little  tartaric 
acid  in  boUing  water,  and  adding,  after  some  days,  a  mixture  of  sour  milk, 
putrid  cheese,  and  zinc  oxide.  In  the  process  of  decomposition,  which  occurs  if 
the  temperature  be  maintained  at  about  30°  or  35°,  the  cane  sugar  is  decomposed 
and  gives  rise  to  lactic  acid,  which  combines  with  zinc  to  form  a  sparingly 
soluble  zinc  lactate,  which  falls  to  the  bottom  of  the  fluid.  The  zinc  lactate  is 
dissolved  in  boiling  water,  purified  by  crystallization,  dissolved  in  water,  and 
then  decomposed  with  sulphuretted  hydrogen ;  the  aqueous  solution  of  the 
acid  is  concentrated  by  evaporation,  and  then  dissolved  in  ether,  which  on 
evaporation  leaves  it  as  a  syrupy  acid  fluid. 

Lactic  acid  is  a  s^Tupy  non- volatile  fluid,  of  specific  gravity  1-215,  which  is 
odourless  and  colourless,  and  possesses  a  strong  sour  taste. 

Lactic  acid  forms  salts  which  are  aU  of  them  soluble  in  water,  the  zinc  salt 
being  the  least  so.  The  lactates  of  the  alkaline  metals,  as  well  as  the  lactates 
of  barium,  aluminum,  and  tin,  are  not  crystaUizable  ;  the  rest  crystallize 
readily. 

The  three  most  characteristic  salts  are : 

Calcium  lactate  (OgHjOj)^  Oa+SHjO  crystallizes  in  the  form  of  white 
nodular  masses.  When  examined  microscopically,  calciiun  lactate  is  seen  to 
crystallize  in  tufts  of  needles.    It  is  soluble  in  9-5  parts  of  cold  water. 

Zinc  lactate  (0311503)2  Zn  +  3  TL^O  readily  crystallizes  in  the  form  of 
nodular  groups  of  needles;  its  fundamental  forms  are  vertical  piisms  with 
plain  faces,  or  right  square  prisms. 

Lactate  of  zinc  is  soluble  in  six  parts  of  boiling  water,  and  in  fifty-eight 
parts  of  cold  water ;  it  is  insoluble  in  alcohol. 

2.  Paralactic  or  Sarcolactic  Aero  occurs  in  the  muscular  jmce,  and  is 
the  cause  of  the  acid  reaction  which  is  developed  when  muscle  becomes  fatigued, 
or  passes  into  rigor. 

Sarcolactic  acid  possesses  physical  properties  which  are  nearly  identical  with 
those  of  lactic  acid ;  it  is  distinguished  from  the  latter — 1.  by  its  products  of 
oxidation ;  2.  by  the  amount  of  water  of  crystallization  of  its  salts ;  3.  by 
their  solubility ;  4.  by  the  action  which  it  exerts  on  polarized  light. 

The  essential  characters  which  serve  to  distinguish  sarcolactic  from  common 
lactic  acid  are  exhibited  in  the  following  tabular  statements : — 

Lactic  Add.  Sarcolactic  Acid. 

Its  calcium  salt  lias  the  formula  The  calcium  salt  has  the  formula 

(03H50,)20a  +  5  IIjO ;  this  salt  con-  (0311503)2  Oa  +  4  lljd ;  it  contains 

tains  29-22  per  cent,  of  water.    It  is  24-82  per  cent,  of  water.    Is  soluble 

soluble  in  9^  times  its  weight  of  cold  in  12-4  times  its  weight  of  cold  water, 
water. 
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Lactic  Acid. 

The  zinc  salt  has  the  formula 
(OgHsOj)^  Zn  +  3  HjO ;  it  contains 
18- 17  per  cent,  of  water.  It  is  soluble 
in  fifty-eight  parts  of  cold  water.  It  is 
most  sparingly  soluhle  (or  insoluble) 
in  alcohol.    Is  optically  inactive. 

When  oxidized  by  means  of  potas- 
sium bichromate  and  sulphuric  acid,  it 
.yields  formic  and  acetic  acids. 


Sarcolactic  Add. 


The   zinc  salt  has 
(OjHsO.,)^  Zn  +  2  ILO  ; 
12-90  per  cent,  of  H^O.  ' 
six  parts  of  cold  water. 


the  formula 
it  contains 
Is  soluble  in 
Is  soluble  in 


2-2  parts  of  alcohol.  Specific  rotatory 
power  =  -7°' 65. 

When  oxidized  by  means  of  potas- 
sium bichromate  and  sulphui'ic  acid,  it 
yields  malonic  acid. 

Sarcolactic  acid  can  be  obtained  from  the  juice  of  flesh  by  the  followino- 
method.  Finely  divided  flesh  is  treated  with  cold  water,  the  wateiy  ex- 
tract is  boiled;  after  separating  the  coagulum,  the  solution  is  precipitated 
with  solution  of  barium  hydrate.  After  separating  the  precipitate  which  this 
reagent  occasions,  a  stream  of  carbonic  acid  is  passed  through  the  fluid,  so  as  to 
precipitate  the  excess  of  barium  which  remains.  After  filtration  the  solution 
is  concentrated  by  evaporation  until  it  assumes  the  consistence  of  a  syrup.  It 
is  then  acidified  with  sulphm-ic  acid,  and  shaken  up  with  ether,  which 
dissolves  the  sarcolactic  acid,  and  fi-om  the  solution  in  which,  it  is  obtained  on 
spontaneous  evaporation.  The  sarcolactic  acid  thus  obtained  is  purified  by  con- 
verting it  into  one  of  its  salts,  crystallizing,  &c. 


7.  Oxalic  Acids  (general  formula  CJi^^_fiJ^OIi\). 

These  are  dibasic  acids  obtained  by  the  oxidation  of  the  fatty 
or  glycoliic  acids  (HgO  being  removed).  The  members  of  the 
series  which  have  to  be  considered  here  are  the  following  : 

Oxalic  acid  . 
Malonic  acid  . 

Succinic  acid  . 

Of  these,  oxalic  acid,  and  perhaps  succinic  acid  (although 
this  has  been  lately  disputed),  occur  in  the  organism  in  the  form 
of  salts. 

Oxalic  acid. — The  only  salt  of  oxalic  acid  which  is  known  to  occur  in  the  body 
is  calcium  oxalate  OaOjO^  + ,  which  frequently  is  deposited  in  very  small 
quantities  from  the  m-ine  in  the  form  of  a  very  scanty  sediment,  which  exhibits 
microscopic  octahedra  belonginar  to  the  cubical  system.  These  crystals,  when 
present,  are  found  mixed  with  the  '  mucous  cloud '  which  falls  from  urine  when 
it  is  left  undistiu'bed.  Calcium  oxalate  is  occasionally  the  chief  constituent  of 
urinary  calculi ;  it  is  found  occasionally  in  the  gall-bladder  and  in  the  faeces. 

Siiccinic  acid  has  been  found  in  the  fluid  of  hydatid  cysts,  in  the  juice  of 
glandular  organs,  in  the  blood,  and  in  the  urine.  According  to  Meissner,  this 
acid  may  be  formed  in  the  system  from  substances  such  as  ta,rtaric  and  malic 
acids,  which  yield  it  when  they  are  reduced,  or  by  the  oxidation  of  fats  and 
other  vegetable  products. 

Succinic  acid  is  a  white  crystalline  solid,  readily  soluble  in  cold  water,  still 


OHO 

CgHjOjjCOH)^  H-o-c-c'-cLo-H 

H 

0   H   H  0 

0,H,0,(OH)j  H-o-cLc-d-cLo-H 

H  H 
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more  so  in  hot  water  ;  it  is  very  scantily  soluMe  in  cold  aicohol.  It  melts  at 
175°  or  180°,  and  volatilizes  without  undergoing  decomposition. 

To  separate  succinic  acid  from  urine  the  following  process  may  he  adopted  : 
the  mine  is  precipitated  with  baryta  water  ;  the  excess  of  haryta  is  removed 
from  the  filtrate  by  the  cautious  addition  of  sulphuric  acid,  and  the  fluid  is 
then  concentrated  by  evaporation  until  the  urea  begins  to  crystallize.  It  is 
then  cooled,  the  liquid  is  separated  by  filtration  from  the  solid  matters  which 
have  separated,  and  to  the  filtrate  a  very  large  excess  of  pure  alcohol  is 
added.  Tliis  causes  a  precipitate  to  faU  which  contains  sodium  succinate, 
mixed  with  many  organic  and  inorganic  substances.  From  this  mixture  the 
salt  is  separated  "by  dissolving  in  water  and  crystallizing.  The  crystals  of 
sodium  succinate  may  be  decomposed  by  means  of  hydrochloric  acid,  and  the 
liberated  succinic  acid  is  then  dissolved  in  a  mixture  of  alcohol  and  ether,  and 
crystallized.  Succinic  acid  crystallizes  in  the  form  of  oblique  prisms,  with  a 
rectangular  base.  The  acute  angles  of  the  prism  are  sometimes  truncated,  and 
the  appearance  of  the  crystals  is  then  that  of  irregular  hexagonal  tables. 

8.  Oleic  Acids  (general  formula  CnH2n-30(OH).) 

These  monobasic  acids  may  be  represented  as  fatty  acids,  in 
which  two  of  the  carbon  affinities  are  not  saturated  (at  least  by  H ). 
Some  of  the  members  of  the  series  are  : 

H  H  0 

Acrylic  acid       ....    03H30(OH)  h-(|^-c-c-o-h 
Orotonicacid      ....    0,H,0(OH)  I  ' 

Angelic  acid        ....    0^1170(011)  h  H  0 

Oleic  acid  Ci8H330(OH)        I   I  ii 

^       ^     H— C— C-O— 0— H 

Of  these  acids  only  oleic  acid  occurs  in  the  body,  and  when  it 
does  so  it  is  in  the  same  compounds  as  those  of  the  fatty  acids — viz., 
as  a  soap,  as  a  neutral  fat  (olein),  or  in  lecithin. 

Oletc  Aero  is  at  temperatures  below  14°  a  colourless,  tasteless,  odourless, 
non-volatile,  oily  fluid,  which  does  not  possess  an  acid  reaction.  It  is  scarcely 
soluble  in  water,  but  is  easily  soluble  in  alcohol  and  ether. 

Fuming  nitric  acid  converts  oleic  acid  into  a  ciystalline  solid  body,  melting 
at  145°,  which  is  isomeric  with  it — viz.,  elaidic  acid. 

When  subjected  to  destructive  distillation  oleic  acid  gives  rise  to  sebacic 
acid  CjpHjgO^ ;  the  latter  occurs  in  small  pearly  needle-shaped  crystals,  often 
united  m  groups.    It  melts  at  127°  or  128°. 

The  alkaline  salts  of  oleic  acid  are  soluble  in  water  ;  the  solution  is  preci- 
pitated by  acetate  of  lead  (lead-plaster) ;  the  oleate  of  lead  is,  when  dried,  a 
white  powder ;  it  is  distinguished  from  the  lead  salts  of  the  fatty  acids  by  its 
solubility  in  ether. 

9.  Biliary  Acids. 

As  is  implied  by  the  name,  the  acids  belonging  to  this  group 
occur  in  the  biliary  secretion  of  animals,  or  are  products  of  de- 
compositions of  acids  found  in  the  bile.  They  are  of  more  complex 
and  less  known  constitution  than  the  acids  which  have  been 
previously  considered.  They  are  insoluble  in  water,  but  farm 
easily-soluble  soap-like  alkaline  salts,  and  possess  a  common  and 
characteristic  'reaction— viz.,  when  the  acids  themselves,  or  their 
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compounds,  either  in  the  solid  state  or  in  solution,  are  treated 
with  sugar  and  sulphuric  acid,  at  about  70°,  a  purple-violet  colour 
is  produced,  and  the  fluid  exhibits  a  peculiar  spectrum ;  this  is 
known  as  '  Pettenkofer's  reaction.' 

The  biliary  acids  at  present  known  are — 

A.  GlycochoHc  acid     .    O^JI^aNOe,  and  Taurocholic  acid  Cjell^jNSO,. 

These  are  respectively  conjugated  compounds  of 

Glycocine        .       .    OjH^NO^  and  Taurine    .       .  O^HjNSOs 

with 

Cholic  (or  cholalic)  acid        .  Cj^H^oOj 

Two  anhydrides  of  this  acid  are  known — viz. 

Choloidic  acid  G^Jl^f)^ 

Dyslysin  C;,Il3sO, 

B.  (Occurring  only  in  tlie  bile  of  the  pig). 

Glycohyocholic  acid  .    Oa^H^jNOg   Tam-ohyocholic  acid  027H^5NSOfi. 

These  are  respectively  conjugated  compounds  of 

Glycocine  and  Taurine 

with 

Hyocholic.  acid  Oj^H^oO^. 

Corresponding  to  this  acid  is  the  anhydride 

Hyodyslysin  O^^ll^fi^ 
0.  (Occurring  in  the  bile  of  the  goose). 

Ohenotaurocholic  acid  OjgHjiNSO^  (?) 

A  conjugative  compound  of 

Taurine  O^H^NSOj  and  Chenocholic  acid  OjjH^Og. 

GlycochoHc  acid, — Like  the  other  acids  found  in  bile,  this  acid 
exists  in  it  as  a  sodium  salt.  It  occurs  abundantly  in  the  bile  of 
the  ox,  but  is  very  sparingly  present  in  that  of  man,  whilst  it  is 
absent  from  that  of  carnivorous  animals. 

Olycocholic  acid  is  most  conveniently  prepared  from  ox  bile. 
Pure  ox  bile  is  mixed  with  animal  charcoal  and  evaporated 
to  dryness  on  the  water  bath.  The  perfectly  dry  residue  is 
dissolved  in  absolute  alcohol ;  to  the  alcoholic  solution  many 
times  its  volume  of  anhydrous  ether  is  added.  This  occasions 
a  precipitate  of  a  transparent  gumlike  mass,  which  gradually 
becomes  converted  into  a  mass  of  crystals ;  to  the  ciystalliue 
product  of  this  operation  the  term  '  crystallized  bile '  is  applied  ; 
it  consists  of  a  mixture  of  sodium  glycocholate  and  sodium 
taurocholate.  In  order  to  obtain  glycocholic  acid  from  this  mix- 
ture, the  crystals  are  dissolved  in  as  little  water  as  possible, 
and  treated  with  sulphuric  acid;  a  turbidity  is  first  produced, 
and  in  a  short  time  needle-shaped  crystals  of  glycocholic  acid 
separate. 
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Grlycocholic  acid  may  also  be  separated  from  taurocholic  acid 
by  precipitating  a  solution  containing  the  mixed  acids  by  means 
of  lead  acetate,  when  lead  glycocholate  falls,  leaving  nearly  all 
the  taurocholic  acid  in  solution.  From  its  lead  salt  glycocholic 
acid  may  be  separated  by  decomposing  with  sulphuretted  hydro- 
gen, &c. 

Grlycocholic  acid  crystallizes  in  fine  white  needles,  possessed  of 
the  combined  bitter  and  sweet  taste  which  is  characteristic  of  bile  ; 
it  is  soluble  with  difficulty  in  cold,  but  more  easily  soluble  in  hot 
water.  It  is  readily  soluble  in  pure  alcohol,  but  only  very  sparingly 
soluble  in  ether. 

It  forms  soluble  compounds  with  the  alkalies,  which  are  preci- 
pitated by  solution  of  lead  acetate,  the  lead  precipitate  being- 
soluble  in  hot  alcohol,  from  which  it  is  deposited  when  the  liquid 
cools.  Solutions  of  the  alkaline  salts  of  glycocholic  acid  possess  the 
power  of  holding  in  solution  small  quantities  of  the  neutral  fats. 

Grlycocholic  acid  deviates  the  ray  of  polarized  light  to  the 
right.  The  specific  rotatory  power  of  the  alcocholic  solution 
=  +  29°. 

"V^Tien  boiled  for  many  hours  with  solutions  of  caustic  alkalies 
or  with  dilute  hydrochloric  or  sulphuric  acids,  glycocholic  acid 
combines  with  the  elements  of  water,  and  yields  glycocine 
CjHgNOj,  and  an  acid  common  to  it  and  taurocholic  acid,  called 
cholic  acid  Qi^^^Jdy 

Taurocholic  acid  CggH^gNSOy  is  the  principal  bile-acid 
occurring  in  human  bile,  in  which,  however,  it  is  accompanied  by 
glycocholic  acid ;  it  is  the  sole  ingredient  in  the  bile  of  purely 
carnivorous  animals. 

From  dogs'  bile  this  acid  can  be  prepared  by  following  the 
method  previously  recommended  for  the  separation  of  glycocholic 
acid  from  the  bile  of  the  ox. 

It  is  separated  from  mixtures  in  which  it  coexists  with  glyco- 
cholic acid  by  precipitating  them  first  of  all  with  normal  lead 
acetate  (which  precipitates  the  glycocholic  acid  but  leaves  tauro- 
cholic acid  in  solution),  and  afterwards  with  a  solution  of  basic 
lead  acetate,  followed  by  a  little  ammonia.  The  lead  taurocholate 
which  falls  under  these  circumstances  is  decomposed  with  sulphu- 
retted hydrogen  and  taurocholic  acid  set  free. 

Taurocholic  acid  can  be  obtained,  though  not  so  readily  as 
glycocholic  acid,  in  the  fonn  of  needle-shaped  crystals,  which  are 
highly  deliquescent;  it  is  readily  soluble  in  water  and  alcohol,  but 
is  insoluble  in  ether.  It  possesses  a  bitter-sweet  taste  similar  to 
that  of  glycocholic  acid.  Its  alcoholic  solutions  are  dextrigyrous ; 
their  specific  rotation  =  +  25°. 

Solutions  of  taurocholic  acid,  or  of  the  taurocholates,  in  the 
presence  of  decaying  animal  matter,  readily  decompose,  taurine 
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being  set  free.  When  boiled  for  a  long  time  with  solution  of  the 
caustic  alkalies  they  split  up  into  taurine  and  cholic  acid — 

0,eH,,NSO,    +    H,0    =    0,H,NS03    +  C^H,,0, 

Taurocholic  acid  Taurine  Cholic  add 

Cholic  acid  (syn.  cholalic  acid)  O^fi^^O^  is  a  product  of  the 
decomposition  of  giyco-  and  taurocholic  acid  by  acids  and  alkalies. 
It  occurs  as  a  constant,  though  scanty,  ingredient  in  the  intestinal 
contents,  and  is  said  to  be  present  in  the  urine  in  icterus. 

Cholic  acid  may  be  prepared  either  from  the  purified  bile 
acids  or  directly  from  bile.  In  the  latter  case  the  bile  is  boiled  for 
about  a  day  with  a  saturated  solution  of  baryta  water,  and  then 
precipitated  by  means  of  hydrochloric  acid.  The  impure  cholic 
acid  is  washed  with  water  and  dissolved  in  a  solution  of  caustic 
potash ;  a  little  ether  is  added,  and  then  an  excess  of  hydrochloric 
acid.  After  some  days  cholic  acid  separates  in  a  crystalline 
form.    It  may  be  purified  by  recrystallization  from  alcohol. 

Cholic  acid  occurs  both  in  the  amorphous  and  crystalline  con- 
dition. It  crystallizes  from  hot  alcoholic  solutions  in  the  form  of 
tetragonal  octohedra  or  in  tetrahedra,  which  contain  water  of  crys- 
tallization. From  solutions  in  pure  alcohol  the  acid  separates  in 
prisms,  which  contain  no  water  of  crystallization. 

The  solubility  of  cholic  acid  in  various  liquids  varies  according 
to  its  state.  The  amorphous  acid  is  sparingly  soluble  in  water, 
more  soluble  in  ether,  and  very  soluble  in  alcohol.  The  crystalline 
acid  is  insoluble  in  water,  sparingly  soluble  in  alcohol  and  little 
soluble  in  ether  (Hoppe-Seyler). 

Cholic  acid  and  its  salts  exert  right-handed  rotation  on  pola- 
rized light.  The  rotatory  power  of  its  alkaline  salts  in  alcoholic 
solution  is  independent  of  the  concentration  of  the  solution  ;  that 
of  the  sodium  compound  =  +  31°'4. 

Choloidic  acid  C24ll3g04  only  difi'ers  from  cholic  acid  in 
elementary  composition  by  containing  1  molecule  less  of  HgO.  It 
is  obtained  by  heating  cholic  acid  to  195°,  or  by  boiling  it  for 
some  time  in  strong  hydrochloric  acid ;  it  appears  to  be  an  inter 
mediate  product  in  the  formation  of  dyslysin.  Choloidic  acid 
is  amorphous ;  it  is  insoluble  in  water,  sparingly  soluble  in  ether, 
and  readily  soluble  in  alcohol. 

Dyslysin  C24II36O2  is  obtained  by  the  continued  action  of 
boiling  mineral  acids  upon  any  of  the  preceding  bile  acids,  or  by 
heating  choloidic  acid  to  295°. 

It  is  an  amorphous  substance,  insoluble  in  water  and  alcohol, 
and  very  sparingly  soluble  in  ether.  When  boiled  with  alcoholic 
solution  of  potash  it  is  reconverted  into  cholic  acid. 

Glyco-hyocholic  acid  Cj^H^gNOg  and  tauro-hyocholic  acid 
Cj^H^^NSOg  are  the  bile  acids  which  occur  in  pigs'  bile.  These 
conjugated  acids  only  differ  from  the  normal  bile  acids  of  other 
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animals  in  that  hyocholic  acid  C25H40O4  takes  the  place  of  cholic 
acid.  The  latter  can  be  obtained  from  pig's  bile  by  following  the 
process  mentioned  for  the  preparation  of  cholic  acid  CggH^o^s* 

By  boiling  with  hydrochloric  acid,  hyocholic  acid  is  converted 
into  an  anhydride,  hyodyslysin  CjgHggOg. 

Chenotaurocholic  acid  (CggHgjJSTSOy  ?)  is  the  biliary  acid 
which  occurs  in  the  bile  of  the  goose.  It  is  amorphous  ;  is  soluble 
in  water  and  alcohol.  It  is  abundantly  precipitated  by  basic  lead 
acetate.  By  boiling  with  alkaline  solutions  or  acids,  it  yields 
taurine  and  chenocholic  acid  CayH^^Og ;  this  acid  is  said  to  be 
crystallizable,  scantily  soluble  in  ether  and  alcohol,  and  insoluble 
in  water. 

Guanogallic  acid  is  an  amorphous,  non-nitrogenous  biliary 
acid  contained  in  the  Peruvian  guano. 

Lithofellic  acid  C2oH3g04  is  almost  the  only  constituent  of 
bezoar  stones  ;  these  are  stated  to  be  biliary  calculi,  occurring  in  a 
species  of  antelope.  If  the  powdered  stone  be  treated  with  boiling 
alcohol  this  acid  is  extracted,  and  deposited  in  a  crystalline  form. 

Pettenkofer^s  reaction. — As  has  been  stated  in  a  previous  para- 
graph, it  is  a  character  common  to  all  the  biliary  acids  and  their 
derivatives  to  give  a  violet  colour  when  they  are  gently  heated 
with  sugar  and  sulphuric  acid.  As  the  reaction  is  one  of  impor- 
tance, the  conditions  necessary  to  its  development  must  be  ex- 
amined. 

The  bile  acid,  or  compound  of  the  bile  acid,  to  be  tested  may 
be  either  in  the  liquid  or  solid  condition.  If  in  solution,  a  drop 
of  a  strong  solution  of  cane-sugar  is  added  to  it,  and  then  pure 
sulphuric  acid  is  gradually  poured  in,  care  being  taken  that  the 
temperature  does  not  rise  above  70°,  although  it  is  desirable  that 
this  temperature  be  reached.  A  cherry-red  colour  is  developed, 
which  afterwards  assumes  a  purple  tint.  If  the  substance  to  be 
treated  be  solid,  it  is  moistened  with  a  weak  solution  of  cane- 
sugar,  sulphuric  acid  is  added,  and  a  gentle  heat  applied ;  the 
beautiful  colour  develops  after  a  short  interval. 

Other  substance?,  e.  g.  albuminous  bodies  and  fats,  give  reactions 
with  sugar  and  sulphiuic  acid,  which  resemble  somewhat  that  of 
biliary  acids  ;  it  is  therefore  important  that  these  should  be  sepa- 
rated before  applying  Pettenkofer's  test. 

The  spectrum  of  the  red  fluid  obtained  by  acting  upon  bile 
acids  with  sugar  and  sulphuric  acid  is  confirmatory  of  their 
presence.  It  is  marked  by  two  absorption  bands  ;  one  of  these  is 
situated  between  E  and  F,  a  second  between  D  and  E.  The  red- 
coloursd  fluid  which  is  produced  by  albuminous  substances  when 
treated  with  sugar  and  sulphuric  acid  exhibits  only  one  absorp- 
tion band,  situated  between  E  and  F. 
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10.  Aromatic  Acids. 

_  These  are  acids  whicli  are  derived  from  the  atomic  group  benzol  G^\.  In 
this  very  stable  gi-oup  each  H-atom  can  be  replaced  by  a  monatomic  atom  or 
group  of  atoms ;  amongst  others  by  the  fatty  acids.  We  may  explain  the  rela- 
tions of  benzol  by  saying  that  the  monatomic  gi'oup  phenyl  (  =  CaHg-H) 
can  replace  one  atom  of  hydrogen  in  a  large  niunber  of  combinations. 

H  H 

0  ^j-c'^  0 

II      »  /  S  II  • 

H— C-O-H  ,  H-C       C— C— 0-H 

\  / 

c=c 
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Formic  acid  Phenyl-formic  or  Benzoic  acid 

The  following  are  aromatic  acids  which  possess  some  physiological  interest : — 

Benzoic  acid  (Phenyl-formic  acid)  .       .       ,  CH(CgB[5)0j 

Chlorobenzoic  acid  (Ohlorophenyl-formic  acid)  CH(0gH^01)O2 

Salicylic  acid  (Oxyphenyl-lormic  acid)   .       .  OH(CgH4[OH:j)02 

Anisic  acid  (Methoxyphenyl-formic  acid)      .  OH(06H,[O.OH3])02 

These  acids  do  not  occur  as  regular  constituents  of  the  body,  yet  they  pass 
through  it  after  having  been  introduced  as  constituents  of  vegetable  food,  and 
in  the  body  form  peculiar  compounds  (see  Hippuric  Acid).  Possibly  they  also 
form  part  of  more  complex  bodies,  as  of  Tyrosine,  which  is  closely  related  to 
them,  and  which  is  a  product  of  the  decomposition  of  the  albuminous  sub- 
stances. 

Benzoic  Acid  0,H50(0H). — This  acid  occurs  occasionally  as  a  constituent  of 
the  urine  of  herbivorous  animals ;  it  is  generated  in  large  quantities  when  the 
mine  of  the  herbivora  decomposes,  being  then  a  product  of  the  breaking  up  of 
hippuric  acid  {q.v.) 

Benzoic  acid  is  a  white  crystalline  body,  which  melts  at  about  121°  and 
boils  at  249°.  It  is  very  sparingly  soluble  in  cold  water,  more  easily  soluble  in 
boiling  water  (1  in  25),  and  is  very  soluble  in  alcohol.  It  crystallizes  when 
sublimed  in  the  form  of  rectangular  plates.  Benzoic  acid  combines  with  metals 
to  form  salts  which  are  generally  soluble.  Ferric  chloride  produces  in  solutions 
of  alkaline  benzoates  a  buff-coloured  precipitate  of  ferric  benzoate.  When 
boiled  with  fuming  nitric  acid,  benzoic  acid  yields  nitro-benzoic  acid 
0,H,(NO,)0„. 

When  introduced  into  the  system  benzoic  acid  links  itself  to  glycine,  and 
is  converted  into  hippuric  acid  (benzamidacetic  acid). 

Separation  of  Benzoic  Acid  from  Orfjanic  Fluids. — The  liquid  is  neutralized, 
concentrated,  and  extracted  with  alcohol,  in  which  alkaline  benzoates  are 
soluble.  The  alcoholic  solution  is  evaporated  to  drj-ness,  dissolved  in  a  little 
water,  acidulated  with  sulphuric  acid,  and  shaken  with  ether,  which  dissolves 
benzoic  together  with  many  other  organic  acids  which  may  be  present. 

The  separation  of  benzoic  acid  from  these  is  a  matter  of  considerable 
difficulty.  (Consult  Hoppe-Seyler's  Ilandbuch,  p.  88;  Gautier's  edition  of 
Gorup-Besanez,  pp.  166,  167.) 
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3.  ALCOHOLS. 

Alcohols  are  compounds  of  certain  hydrocarbon  radicals  (called  '  alcohol- 
radicals ')  with  the  group  Hydroxyl  HO.  According  to  the  numher  of 
hydroxyls  contained  in  the  molecule  of  the  alcohol  is  it  monatomic  or  poly- 
atomic. 

The  only  proximate  principles  of  the  animal  body  which  belong 
indisputably  to  the  group  of  alcohols  are  cholesterin  and  glycerin ; 
indeed,  if  we  used  the  term  '  proximate  principle  '  in  the  strictest 
sense  we  should  have  to  exclude  glycerin,  of  which  only  the  ethers 
occur  in  the  organism. 

The  sugars,  being  either  polyatomic  alcohols,  or  bodies  very 
closely  related  to  them,  may  be  conveniently  classed  in  this 
group. 

Cholesterin  C^^^JyOU)  is  a  constituent  of  the  nerve  centres, 
of  nerves,  of  the  blood  and  most  animal  fluids,  especially  the  bile ; 
of  the  cerumen,  of  the  intestinal  contents.  It  is  often  found  in 
large  quantities  in  old  extravasations,  in  the  pus  of  chronic 
abscesses,  &c. 

Cholesterin  is  a  crystalline  body,  insoluble  in  water,  dilute 
acids,  and  alkalies,  but  readily  soluble  in  ether  and  hot  alcohol ; 
the  latter  solvent  deposits  it  on  cooling  in  the  form  of  rhombic 
tables.  It  is  likewise  soluble  in  chloroform,  and  to  a  certain  extent 
in  solution  of  the  salts  of  the  bile  acids.  Dry  cholesterin  melts  at 
145°,  and  distils  in  vacuo  at  360°.  Its  solutions  exert  a  left- 
handed  rotation  on  the  plane  of  polarization.  The  specific  rotatory 
power  of  solutions  of  cholesterin  =  —  32°.  Amongst  the  most  useful 
reactions  for  detecting  cholesterin  are  the  following  : — 

1.  "When  treated  with  concentrated  sulphuric  acid,  and  after- 
wards a  little  iodine,  a  play  of  colours,  of  which  blue,  green,  and 
red  are  the  most  prominent,  is  produced.  This  reaction  may  be 
employed  as  a  more  stringent  proof  than  that  offered  by  the 
microscopic  characters  of  the  crystals,  and  it  may  well  be  observed 
under  the  microscope.  , 

2.  When  cholesterin  is  gently  heated  with  five  volumes  of 
sulphuric  acid  and  one  volume  of  water,  the  edges  of  the  crystals 
are  seen  to  become  of  a  carmine  colour  ;  this  reaction  admits  of 
being  performed  on  a  microscopic  slide,  and  its-  results  of  being 
watched  under  the  microscope. 

3.  When  cholesterin  is  dissolved  in  chloroform,  and  the  chloro- 
formic  solution  is  shaken  with  an  equal  volume  of  strong  sulphuric 
acid,  the  chloroform  becomes  successively  blue,  red,  cherry-red,  and 
ultimately  purple,  whilst  the  subjacent  sulphuric  acid  acquires  a 
marked  green  fluorescence. 

Preparation  and  Separation  of  Cholesterin. — From  biliary 
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concretions,  in  which  it  is  often  present  in  very  large  quantity, 
cliolesterin  is  easily  prepared.  The  concretion  is  powdered,  and 
the  powder  having  been  dried,  is  boiled  with  alcohol ;  the  alcoholic 
solution  is  filtered  whilst  still  hot,  and  when  it  cools  it  deposits 
cholesterin  crystals,  which  may  be  further  purified  by  a  re-solution 
in  alcohol. 

Cholesterin  may  sometimes  be  detected  in  normal  products  of 
the  body  (e.  g.  in  cerumen),  and  often  in  pathological  products 
(e.  g.  in  pus),  by  its  crystalline  form  and  by  the  reactions  which 
the  crystals  display  with  sulphuric  acid,  or  with  sulphuric  acid 
and  iodine.  More  commonly,  however,  it  exists  in  a  state  of  solu- 
tion, and  is  found  amongst  the  substances  extracted  by  ether  from 
the  solid  residue  of  organic  liquids  and  solids.  In  the  ethereal 
solution  it  is  usually  found  mixed  with  other  bodies,  and  especially 
with  the  fats.  The  process  of  separation  from  these  consists  in 
boiling  the  mixed  residue  left  by  ether  with  a  solution  of  caustic 
potash  (usually  in  alcohol) ;  the  fats  are  thus  decomposed,  yield- 
ing soluble  soaps  and  glycerin.  After  evaporating  any  alcohol 
which  the  mixture  may  contain,  and  extracting  with  water,  the 
cholesterin  will  be  left,  and  it  may  then  be  dissolved  in  ether  or  hot 
alcohol,  and  allowed  to  crystallize. 

Glycerin  C3Hg(OH)3. — In  all  probability  glycerin  does  occur 
in  a  free  condition  in  the  contents  of  the  small  intestines,  where 
it  must  be  present  amongst  the  products  of  the  decomposition  of 
the  neutral  fats  by  the  pancreatic  ferment.  Its  interest  to  the 
physiologist,  however,  depends  upon  the  fact  that  the  fats  of  the 
body  are  neutral  ethers  formed  by  the  union  of  certain  acid  radicals 
with  the  triatomic  alcohol  now  under  consideration.  The  relation 
of  glycerin  to  the  fats  is  best  considered  when  these  are  described. 
The  following  facts  with  regard  to  it  may,  however,  be  referred  to 
in  this  place  :  — 

Pure  glycerin  is  a  neutral,  colovu-less,  transparent,  viscid, 
hygroscopic  fluid,  possessed  of  an  intensely  sweet  taste.  It  is 
soluble  in  all  proportions  in  water  and  alcohol,  but  is  insoluble  in 
ether.  The  specific  gravity  is  1-27.  Under  a  pressure  of  50  mm. 
it  boils  at  210°,  without  undergoing  decomposition. 

The  Sugars. 

The  different  sugars  are  crystalline,  soluble  bodies,  possessed  of 
a  sweet  taste  ;  their  solutions  deviate  the  plane  of- polarized  light. 
In  consequence  of  the  ease  with  which  they  are  oxidised  they 
reduce  many  metallic  oxides.  They  split  up  under  the  influence 
of  certain  organisms  {e.g.  yeast  cells),  and  other  so-called  ferments 
into  simpler  bodies,  known  as  products  of  fermentation,,  heat 
l)eing  evolved  during  the  process.  The  different  members  of  the 
family  appear  to  be  very  closely  related  to  one  another. 
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The  different  sugars  and  their-  anhydrides  are  usually  designated  by  the  term 
'  carho-hydrates,'  which  merely  expresses  that,  in  addition  to  carbon,  they 
contain  hydro^-en  and  oxygen  in  the  proportion  in  which  these  elements  are 
contained  in  water  (HjO).  These  bodies  either  contain  six  atoms  of  carbon  or 
a  multiple  of  this  number.    '  They  are  divided  into  three  groups  :— 

1.  Saecchnroses.  2.  Glucoses.  3.  Amylases. 

0,,H,„0„  OeHiA  (OeH.oOJ" 

+  Cane  sugar  +  Grape  sugar  (dextrose)      +  Starch 

+  Milk  sugar  -  Levulose  +  Glycogen 

+  Melitose  +  Galactose  +  Dextrin 

+  Melizitose  -  Sorbin  -  luulin 

+  Mycose  -  Eucalin  Gums 

Synanthrose  Inosit  Cellulose 

Tunicin 

Most  of  these  compounds  occur  in  the  vegetable  kingdom,  forming  some  of 
the  most  important  constituents  of  plants,  and  a  few  also  occur  in  the  animal 
organism.  The  chemical  constitution  of  only  a  few  is  known,  but  that  they  are 
nearly  related  to  each  other  is  known  by  the  fact  that  most  of  them  can 
be  converted  into  glucose  by  the  action  of  dilute  sulphui-ic  acid.  The  majority 
of  them  are  optically  active,  or  possess  the  power  of  turning  the  plane  of 
polarization,  some  to  the  right  hand  and  some  to  the  left.  The  right-handed 
instances  are  marked  in  the  preceding  table  with  + ,  and  the  left-handed 
with  -.'1 

The  following  sugars  occur  in  the  animal  body  : — 

Orcqoe  Sugar,  Glucose,  or  Dextrose  CgHjjOg  {synonyms, 
Diabetic  sugar,  Liver  sugar,  Starch  sugar). 

The  general  reactions  of  this  body  point  to  its  being  an  aldehyde 
of  the  hexatomic  alcohol  mannite  CgHg(OH)g. 

Grrape  sugar  is  a  constituent  of  the  contents  of  the  alimentary 
canal  and  of  the  chyle  after  a  starchy  or  saccharine  diet.  It  is, 
besides,  a  constant  constituent,  in  small  quantities,  of  the  blood, 
the  lymph,  the  liver,  and  the  muscles.  It  occurs  in  the  hen's 
egg,  before  and  during  incubation  ;  it  is  found  in  the  liquor  amnii 
and  the  allantoic  fluids.  Its  existence  in  normal  urine  is  doubtful, 
but  it  occurs  in  large  quantities  in  the  various  organic  solids  and 
liquids,  and  especially  in  the  urine  of  men  affected  with  diabetes 
mellitus,  &c. 

Dextrose  is  a  white  crystalline  solid,  possessed  like  other  sugars 
of  a  sweet  taste.  It  is  less  sweet  and  less  soluble  in  water  than  cane- 
sugar. 

Its  aqueous  solution  rotates  the  plane  of  polarization  to  the 
right.    Its  specific  R.  P.  = +53°-5. 

Dextrose  reduces  ammoniacal  solution  of  salts  of  silver,  precipi- 
tating the  metal  as  a  brilliant  mirror. 

By  the  action  of  sodium  amalgam  dextrose  is  converted  into 
mannite  CgHj^Og. 

Alcoholic  fermentation. — In  the  presence  of  the  yeast  plant, 
and  at  temperatures  varying  between  0°  C.  and  35"  C.  (25°  to  30°  C. 

^  Schorlemmer,  Chemistry  of  Carbon  Compounds,  p.  284. 
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being  most  favourable),  dextrose  undergoes  immediately  the  alcoholic 
fermentation,  of  which  the  chief  products  are  alcohol  and  carbon 
dioxide  O^ll.jd^  =  20,1160  +  200,. 

Although  these  are  the  chief  products,  other  bodies  are  found  in 
smaller  quantities,  as  glycerin  and  succinic  acids. 

Lactic  fermentation. — In  the  presence  of  decomposing  albu- 
minous matters,  if  the  temperature  be  suitable  (30°  to  35°),  and  the 
reaction  neutral  or  alkaline,  dextrose  is  converted  into  lactic  acid ; 
thus—  OeH.^Os  =  2C3H«03 

Dextrose        Lactic  g,cid 

Reactions  of  solutions  of  dextrose. — 1.  Amongst  the  most 
characteristic  properties  is  the  capability  of  undergoing  the  alco- 
holic fermentation. 

2.  When  to  a  solution  of  dextrose  there  is  added  first  a  solution 
of  copper  sulphate,  and  then  a  solution  of  potash  hydrate,  instead 
of  a  precipitate  of  hydrated  copper  oxide  falling,  the  fluid  becomes 
of  a  deep  azure-blue  colour.  On  now  heating  the  liquid,  it  assumes 
an  orange-yellow  colour,  and  there  falls  a  red  precipitate  of  an- 
hydrous cuprous  oxide.    This  is  known  as  Trommer's  test. 

3.  When  a  solution  of  dextrose  is  boiled  with  a  solution  of 
potash  hydrate,  the  fluid  assumes  at  first  a  sherry  colour,  which 
deepens  in  tint,  and  ultimately  becomes  of  a  deep,  reddish-brown 
colour.    (Moore's  test.) 

Preparation  and  identification  of  dextrose. — Dextrose  can 
best  be  separated  from  diabetic  urine  by  concentrating,  decanting 
from  the  insoluble  salts  which  separate  during  the  process,  and 
allowing  the  syrupy  fluid  to  remain  undisturbed  for  long  periods  ; 
the  glucose  then  usually  separates  out  in  the  form  of  yellow, 
warty,  friable  masses.  These  are  freed  as  much  as  possible  from 
urea,  soluble  salts,  &c.,  by  being  washed  with  absolute  alcohol,  and 
afterwards  are  dissolved  in  boiling  spirits  of  wine.  This  solution 
will  yield  crystals  of  dextrose. 

For  the  identification  of  glucose  its  action  on  polarized  light,  if 
possible  its  specific  rotatory  power,  its  capability  of  undergoing 
the  alcoholic  fermentation,  and  its  reaction  with  alkaline  solutions 
of  copper  salts,  are  chiefly  relied  on. 

Sugar  of  milk  Ci2H220„  +  H20  is  a  constituent  of  the  milk 
of  all  mammals.  It  occurs  as  a  colourless,  hard,  brittle,  crystallized 
solid ;  it  crystallizes  in  the  form  of  right  rhombic  prisms,  which 
are  often  united  in  clusters.  It  is  soluble  in  only  six  parts  of 
cold  water  and  is  insoluble  in  absolute  alcohol.  Its  Bpecific  rota- 
tory power  =  +  58'2. 

This  sugar  can  directly  only  undergo  the  lactic  acid  fermenta- 
tion, but  when  boiled  with  dilute  sulphuric  acid  it  is  converted 
into  an  isomeric  sugar  called  galactose,  which  ferments  with  ease. 
When  left  in  contact  with  yeast,  sugar  of  milk  usually  undergoes 
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the  alcoholic  fermentation,  a  formation  of  galactose  being  probably 
the  necessary  precursor. 

Sugar  of  milk  may  be  obtained  by  concentrating  whey,  when 
it  crystallizes  out.  Its  solutions  react  like  solution  of  dextrose 
with  Trommer's  test. 

Inosit  CgHijOg  +  2H2O  is  formed  in  very  minute  quantities  in 
muscular  tissues,  especially  in  that  of  the  heart;  it  also  occurs  in 
the  liver,  the  lungs,  the  brain,  the  spleen,  and  the  kidneys. 

It  is  said  to  be  an  occasional  constituent  of  the  urine  in  Bright's 
disease,  and  occasionally  to  take  the  place  of  sugar  in  the  urine  of 
diabetes. 

Inosit  occurs  also  in  vegetable  tissues,  especially  in  green 
kidney-beans. 

Inosit  occurs  in  colourless  rhombohedral  crystals  belonging  to 
the  monoclinic  system ;  it  is  soluble  in  water,  but  insoluble  in 
alcohol  or  ether.  Its  solution  tastes  sweet ;  it  does  not  affect  the 
plane  of  polarized  light,  and  is  incapable  of  undergoing  the  alco- 
holic fermentation.  In  contact  with  decomposing  animal  matters, 
inosite  yields  lactic  and  butyric  acids. 

Scherer^s  test  for  Inosit. — A  fragment  of  inosit  is  placed  in 
a  platinum  capsule  and  nitric  acid  is  added.  Heat  is  then  care- 
fully applied  so  as  to  drive  off  the  acid.  The  residue  is  treated 
first  with  solution  of  ammonia,  and  then  with  calcium  chloride. 
On  evaporating  cautiously  to  dryness,  a  beautiful  rose-red  colour 
is  developed. 


4.  ETHERS  AND  ANHYDRIDES. 

When  alcohol-radicals  or  acid-radicals,  or  both  alcohol  and  acid  radicals,  are 
held  together  by  atoms  of  oxygen,  ethers  are  formed ;  when  several  similar 
radicals  are  united  together  in  this  fashion,  the  compounds  are  called 
anhydrides. 

HHHH  HHOH  HO  OH' 

H-C-C-O-is-C-H  H-C-C-0-C!-C!-H  H-C-C-O-O-C-H 


H 


Diethyl  ether  (common 
ether  or  alcohol  auhydride) 


H 


O2H5.O.O2H3O 

Acetyl-ethyl  ether 
(Acetic  ether) 


H 


O2H3O.O.O.H3O 

Diaoetyl  oxide 
(Acetic  auhydride) 


The  ethers  and  anhydrides  are  formed  from  alcohols  and  acids  by  a  removal 
of  HjO,  and  are  reconverted  into  them  when  they  combine  with  H^O.  The 
first  process  is  a  synthesis,  the  second  a  process  of  decomposition  ;  one  may 
distinguish  both  these  processes  from  other  syntheses  and  decompositions  by 
a- plpng  to  them  the  term  of  hydrolytic.  The  part  which  water  plays  in  them 
18  exhibited  by  the  following  diagram,  which  shows  how  the  action  of  water 
leads  to  the  splitting  of  acetic  ethor  into  alcohol  and  acetic  acid. 
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H  H-O 
Alcohol      Acetic  acid 
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Elements  of  water 
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Hydrolytic  decompositions  sometimes  occm-  on  mere  contact  with  water,  at 
other  times  under  the  influence  of  boiling  water  (sometimes  only  at  tempera- 
tures above  that  of  _  boiling  water, 'sw^^erAea^m^r'),  or  under  the  inUuence  of 
boiling  water  and  mineral  acids;  lastly,  they  occur  at  moderate  temperatures 
under  the  influence  of  certain  {'hydrolytic')  ferments.  The  following  ethers 
and  anhydrides  occur  in  the  body. 


1.  Glycerin-Ethers  or  Glycerides. 

a.  The  Neutral  Fats. 

The  fatty  matter  of  the  animal  body  is  mainly  composed  of  a 
mixture  of  so-called  neutral  fats,  termed  respectively  stearin, 
palmatin,  and  olein,  of  which  the  two  former,  which  are  solid 
bodies,  are  held  in  solution,  at  the  temperature  of  the  animal  body, 
by  the  third,  which  is  liquid  at  ordinary  temperatures. 

The  three  neutral  fats  just  named  are  ethers  derived  from  the 
triatomic  alcohol  glycerin  C3H5(OH)3. 

We  may  form  a  true  conception  of  the  relations  of  a  neutral 
fat  to  glycerin  by  comparing  the  graphic  formula  of  glycerin  with 
that  of  an  artificial  neutral  fat,  triacetin  C3Hg(OC2H30)3.  In 
glycerin  there  are  three  hydroxyls,  and  the  H  in  any  one,  or  in  all, 
of  these  may  be  replaced  by  the  oxidized  radical  of  a  fatty  acid, 
e.g.  by  acetyl  CgHgO ;  when  all  three  of  the  hydrogens  are  thus  re- 
placed the  neutral  fat  called  triacetin,  which  is  represented  by 
the  appended  graphic  formula,  is  formed : — 

H  H  H 

H  H  H  III 

I     I     I  H-0  C  C-H 

H— C— C— C— H  I               I  I 

III  060 

0  0   0  III 

1  I    I  0=0         0=0  c=o 
H  H  ll  J              J  1 

H— CV-H    H— d— H    H— 0— H 
Glycerin  |  I  1 

H  H  H 

Triacetyl-glycerin  ether,  or  Waoetin. 

Now  the  neutral  fats  of  the  animal  body  are  constituted  on  the 
same  type  as  triacetin,  except  that,  instead  of  acetyl,  other  oxi- 
dized acid-radicals  replace  the  H  of  hydroxyl.  In  the  two  more 
solid  fats,  viz.  stearin  and  palmitin,  the  oxidized  radicals  of 
stearic  and  palmitic  acids  occupy  the  position  of  acetyl  in  the 
above  graphic  representation.  In  the  more  liquid  constituent 
of  the  fats,  viz.  olein,  the  oxygenized  radical  of  oleic  acid  replaces 
the  three  H's  of  hydroxyl. 

The  formulae  of  the  three  principal  fats  are  appended,  and  their 
relation  shown  to  glycerin  on  the  one  hand,  and  to  these  acids  on 
the  other : — 

Palmitin  0,H5(OOigHa,0)3  Palmitic  acid  C,8H3,0,OH 
Glycerin  0,H,(OII)„    Stearin    03115(00,811350)3  Stearic  acid  0,8r-l350,OH 
Olein      03H5(OOi8ri330)  3  Oleic  acid  OigHgsO,^! 


In  addition  to  the  tliree  neutral  fats  already  mentioned,  the 
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following  are  contained  in  milk,  and  constitute  the  fat  of  butter : 
myristin,  caprinin,  caprylin,  capronin,  butyrin. 

The  neutral  fats  are  fluid  (oils)  or  easily  melted,  insoluble  in 
water,  easily  soluble  in  ether  and  alcohol ;  when  fluid  they  render 
paper  transparent  (cause  grease  spots)  ;  when  mixed  with  colloid 
substances  and  water,  they  admit  of  being  broken  up  into  fine 
drops,  so  that  the  fluid  becomes  white  and  opaque  (emulsion). 
Under  the  influence  of  hydrolytic  ferments,  or  when  superheated 
with  water,  they  combine  with  the  elements  of  water,  glycerin  and 
free  fat  acids  being  liberated  ;  thus  : — 

C3H,(O0,eH3,O)3  +    3H,0    =   03H,(OH)3   +  3(C,eH3,0(OH)) 

Tripalmitiu  Water  Glycerui  Palmitic  acid 

The  rancid  smell  of  decomposing  fats  is  due  to  volatile  acids, 
which  happen  to  be  formed  under  the  circumstances. 

When  the  neutral  fats  are  boiled  with  solutions  of  the  alka- 
line hydrates  or  carbonates,  they  undergo  the  process  of  saponifi- 
cation, i.e.  they  combine  with  the  elements  of  water,  and  decom- 
pose into  glycerin  and  a  fatty  acid ;  the  latter  constituent 
combining  at  once  with  the  alkaline  metal  to  form  a  soluble  salt. 
Thus  when  stearin,  palmitin,  or  olein  are  boiled  with  potash 
hydrate,  or  with  sodium  hydrate,  we  have  as  results  of  the  opera- 
tion in  the  first  case  potassium  stearate,  palmitate,  or  oleate, 
respectively,  and  glycerin  ;  in  the  second  case  there  result  sodium 
stearate,  palmitate,  or  oleate,  and  glycerin. 

When  boiled  with  litharge  the  neutral  fats  yield  an  insoluble 
lead  compound  and  glycerin.  The  term  soap  is  applied  to  the 
metallic  salts  of  the  fatty  acids,  and  hence  the  term  saponification 
is  employed  to  designate  the  process  which  results  in  the  formation 
of  these  compounds. 

The  following  are  some  of  the  more  important  characters  of 
the  three  principal  neutral  fats  occurring  in  the  animal  body : — 

Stearin,  or  Tristearin,  C3Hg(Ci8H3gO)303,  is  the  chief  con- 
stituent of  the  more  solid  fats.  Its  melting  point  is  higher  than 
that  of  any  other  neutral  fat,  but  varies,  according  to  the  treatment 
to  which  it  has  been  subjected,  between  53°  and  66°. 

It  is  insoluble  in  water,  but  is  soluble  in  hot  alcohol,  in  ether 
and  chloroform.  It  separates  from  its  solution  in  hot  alcohol  in 
the  form  of  shining  rectangular  scales. 

Palmitin,  or  Tripalmitiu,  C3H5(C,gH3jO)303,  always  accom- 
panies stearin  in  the  animal  fats. 

Its  melting  point  is  like  that  of  stearin,  not  very  constant, 
varying  with  the  treatment  it  has  undergone,  but  is  certainly 
lower  than  that  of  stearin.  The  mean  melting  point  is  about 
45°  C.  Palmitin  is  insoluble  in  water  ;  it  is  more  readily  soluble 
in  hot  alcohol  than  stearin ;  it  is  deposited  from  its  alcoholic 
solution  in  the  form  of  needles. 

Alcoholic  solutions   of  mixtures   of   stearin   and  palmitin 
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deposit  crystals  of  a  mixture  or  perhaps  a  compound  of  the  two 
fats ;  formerly  this  mixture  was  looked  upon  as  an  individual  fat, 
called  margarin ;  the  supposed  margarin  usually  crystallizes  in 
the  form  of  very  fine  needles  or  little  plates  radially  arranged 
around  a  point. 

Olein,  or  Triolein,  03X15(0,3^330)303,  is  a  colourless  body  of 
oily  consistence  at  ordinary  temperatures  ;  at  —  5°  it  crystallizes  in 
fine  needles.  Olein  is  oxidized  at  ordinary  temperatures,  and  then 
assumes  a  more  or  less  yellow  colour.  It  is  insoluble  in  water  and 
readily  soluble  in  absolute  alcohol  and  ether. 

b.  Glycerin-phosphoric  Acid  and  its  derivatives. 

Closely  related  in  chemical  constitution  to  the  neutral  fats  is 
a  body  possessed  of  great  interest,  from  its  connection  with  the 
chemistry  of  the  more  complex  constituents  of  the  nerve-centres, 
viz.  glycerin-phosphoric  acid  C3H9POg.  This  body  may  be  looked 
upon  as  an  acid  glycerin-ether,  derived  from  glycerin  and  ortho- 
phosphoric  acid. 

By  studying  the  appended  graphic  formula  of  glycerin,  phos- 
phoric acid  and  glycerin-phosphoric  acid,  the  reader  will  readily 
apprehend  the  view  which  we  take  of  the  constitution  of  glycerin- 
phosphoric  acid. 

H  H  H  H  H  H  H 

III  III  I 

H— 0— C-C-H  H-C— C— C— H  O 

odd  (!)  d  0  H— 0— P— 0— H 


H— O— P— 0-H 


O 


C3H,(OH)3  03H,(0H),0.P0(0H),  POCOH), 

Glycerin  Glycerin-phosphoric  acid      Orthophosphoric  acid 

Grlycerin-phosphoric  acid  is  readily  prepared  by  mixing  phos- 
phorus pentoxide  and  glycerin,  avoiding  any  great  rise  in  tem- 
perature. The  mixture  is  heated  for  some  days  at  a  temperature 
not  exceeding  100°C,  and  from  the  mixture  of  glycerin,  phos- 
phoric acid  and  glycerin-phosphoric  acid  the  latter  is  separated 
by  various  processes.  It  is  one  of  the  most  important  products  of 
the  decomposition  of  lecithin  ;  indeed,  as  will  be  shown  in  the 
sequel,  lecithin  may  be  looked  upon  as  a  direct  derivative  of 
glycerin-phosphoric  acid. 

Free  glycerin-phosphoric  acid  is  a  syrupy  fluid  possessed  of 
acid  taste.  Its  most  characteristic  salts  are  those  of  barium  and 
calcium.  The  aqueous  solution  of  the  latter  is  precipitated  by 
heat,  the  deposit  being  crystalline  (?)  Soluble  glycerin  phosphates 
are  precipitated  by  lead  acetate. 
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THE  LECITHINS. 

The  brain,  the  bile,  and  the  ovum  in  particular,  but  also 
other  solids  and  liquids  of  the  animal  body,  yield  a  body  which 
has  been  termed  lecithin,  or  perhaps  several  bodies,  dififering  only 
slightly  in  composition  from  one  another,  and  which  constitute 
the  group  of  lecithins. 

The  lecithins  are  all  derived  from  glycerin-phosphoric  acid. 
Let  us  in  glycerin-phosphoric  acid  replace  two  of  the  atoms  of 
hydroxyl  hydrogen  in  the  glycerin  by  two  molecules  of  stearyl,  and 
we  shall  obtain  an  acid  to  which  the  name  of  distearyl-glycerin- 
phosphoric  acid  has  been  given  by  Diakonow.  The  relation  of 
the  latter  body  to  glycerin-phosphoric  acid  is  easily  seen  by  com- 
paring their  graphic  formulae : — 

H  H  H 

I  I  I 

a)  H— C— C— C— H 

I     I  I 

0  0  0 

1  I  I 

H  H  H 

C3H,(OH)3 

Glycerin 

H        H  H 

I          I  I 
H— C  — C  C-  H 

(2)  III 
0         0  0 

H      !  :e: 

H-O  -P— 0— H 

11 

0 

03H3(OH),O.PO(OH)2 

Glycerin-phosphoric  acid. 


(8) 


H  H  H 

I               I  I 
H— C  C  C— H 

J  o' 


I 


(018H35O) 


Stearyl 
H— O-P— 0— H 

II 

0 


03H5(O0,8Tl35O)3O.PO(OII)2 

Distearyl-glycoriu-phosphoric  acid. 

This  acid  actually  occurs  as  a  product  of  the  splitting  up  of 
brain-lecithin.  It  will  be  apparent  to  the  student  that  this  com- 
plex body  is  a  fat  and  a  glycerin-ether. 

Now  this  acid  can  unite  itself  to  a  base  called  neurine,  which 
has  the  composition  GgHjgNO^. 


32  THE  LECITHINS. 

The  mode  of  attachment  of  neurine  to  distearyl-glycerin- 
phosphoric  acid  cannot  be  certainly  represented  by  any  formula. 
The  three  following  formulae  for  distearyl-lecithin  have  been  suo-- 
gested  and  represent  the  different  views  which  have  been  held  :— 

(A.)  Diakonow :  ^ 


0  H  f  (^18^^3302)2 

^^tO-N(OH3)3-C,H,OH 

(B.)  Strecker:2 

^^\0-C,H,-N(OH3)30H 
(C.)  Hoppe-Seyler :  ^ 

f!  H  f  (^18-^3502)3 


io-po{rc& 


Distearyl-lecithin  is  found  in  the  nerve-centres,  and  it  may  be 
looked  upon  as  the  type  of  the  lecithins.  We  can  easily  conceive 
of  lecithins  which  only  differ  from  this  one  by  the  radicals  of  oleic 
acid  or  of  palmitic  acid  having  taken  the  place  of  stearyl.  We 
should  thus  have  dipalmityl-lecithin,  or  dioleyl-lecithin  formed ; 
such  bodies  do  actually  appear  to  exist. 

The  lecithins  are  amorphous,  white,  bodies  which  are  in- 
soluble in  water,  little  soluble  in  ether  (dipalmityl-lecithin  is 
much  more  soluble  in  ether  than  the  others),  wlaich  readily 
undergo  decomposition  at  moderate  or  high  temperatures,  com- 
bining with  the  elements  of  water,  and  yielding  as  products  of 
decomposition  glycerin-phosphoric  acid,  a  fatty  acid,  and  neurine. 

Thus  distearyl-lecithin  when  decomposed, 

0,,H,oNPOg  +  3H,0  =  C3H„P0e  +  2(0,3H3,0,)  +  C,H„NO, 

Distearyl-lecithin      Glycerin-phosphoric  acid         Stearic  acid  Neurine 

An  ethereal  solution  of  lecithin,  when  shaken  with  sulphuric 
acid,  is  decomposed  into  distearyl-glycerin-phosphoric  acid  and 
neurine,  which  combines  with  the  acid  to  form  neurine-sulphate. 

Any  lecithin,  if  dissolved  in  alcohol  and  added  to  a  boiling 
solution  of  bariiun  hydrate,  is  decomposed,  phospho-glycerate  of 
barium  being  formed  in  every  case,  and  barium  stearate,  palmi- 
thate,  or  oleate,  according  to  the  nature  of  the  lecithin,  while 
neurine  remains  free. 

Alcoholic  solutions  of  lecithin  are  precipitated  by  alcoholic 
solution  of  platinum  tetrachloride. 


'  Centralhlait  f.  (1.  Med.  Wiss.  1868,  Nr.  1,  s.  3. 

2  Ann.  Chem'.  Pharm.  18f)8,  Bd.  cxlviii.  s.  77. 

3  Physiological  Chem.,  1877, 1  Tlieil.  s.  80. 
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Pivtagon 

[Is  a  glucoside  of  lecithin  (Liebreich),  which  occurs  as  the  chief 
proximate  constituent  of  the  brain ;  it  is  probably  also  present  in 
those  liquids  and  solids  of  the  body  which  yield  lecithin. 

Unlike  lecithin,  it  can  readily  and  uniformly  be  crystallized, 
separating  from  its  solutions  in  hot  alcohol  (when  these  are  allowed 
to  cool  gradually)  in  the  form  of  needles,  which  are  usually  ar- 
ranged in  tufts  or  balls.  It  has  approximately  the  following  per- 
centage composition  :— C  67-21,  H  11-59,  N  2-70,  P  1-50,  0  17-0. 

When  protagon  is  boiled  with  an  aqueous  solution  of  barium 
hydrate,  it  yields  the  products  of  decomposition  of  lecithin ;  but, 
in  addition,  a  nitrogenous  body,  which  appears  to  be  identical  with  a 
siTbstance  called  cerebrin  (Miiller),  to  which  the  formula  Cj^HagNOg 
has  been  ascribed ;  the  latter  body  is  a  glucoside,  furnishing  when 
boiled  with  dilute  acids  considerable  quantities  of  a  sweet  body 
which  reduces  solution  of  cupric  salts,  but  which  is  not  ferment- 
able. 

The  existence  of  protagon  has  been  called  in  question  (Dia- 
konow,  Hoppe-Seyler),  it  being  alleged  that  protagon  is  an  inde- 
finite mixture  of  cerebrin  and  lecithin.] 


2.  Anhydrides  of  Sugar. 

Certain  substances  occur  very  widely  diffused  throughout  the 
vegetable  kingdom  which,  when  subjected  to  hydrolytic  influences, 
combine  with  water  and  form  sugar ;  their  close  relationship  to 
the  sugars,  and  the  fact  that,  like  them,  they  contain  H  and  0  in 
the  proportion  in  which  these  elements  exist  in  water,  places  them 
amongst  the  carhohydrates,  in  a  group  which,  after  the  name  of 
one  of  its  most  prominent  members,  may  be  termed  the  group  of 
the  amyloses  or  starches.  From  their  combining  with  water  to  form 
sugar,  they  may  be  considered  to  be  anhydrides  of  sugar.  The 
most  characteristic  bodies  of  this  group  are — 


Gum  OjoHjqOu 
Starch  0«H,„0, 


Cellulose  O^K^Jd^, 
Dextrin  OgHmOs 


The  formulae  of  these  bodies,  which  appear  to  bear  the  same 
relation  to  the  sugars  as  the  ethers  bear  to  the  alcohols,  are  pro- 
bably multiples  of  the  above,  their  '  conversion '  into  sugar  being 
also  in  reality  a  process  of  decomposition. 

It  appears  likely  that  milk  sugar,  which,  under  hydrolytic  in- 
fluences, is  changed  into  a  sugar  analogous  to  dextrose — viz.  gal- 
actose— is  an  ether  of  the  latter  body.  Cane-sugar  probably  bears 
a  somewhat  similar  relation  to  dextrose  and  levulose. 

Another  class  of  sugar  derivatives  exists  widely  diffused  in  the 
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vegetable  kingdom,  and  has  some  representatives  (as  chondrin) 
even  in  the  animal.  The  term  glucosides  is  applied  to  the  mem- 
bers of  this  group.  They  appear  to  be  compound  ethers  of  sugars, 
or  of  bodies  nearly  related  to  them,  and  under  hydrolytic  influences 
they  split  up  into  sugar  and  other  atomic  groups,  many  of  which 
possess  an  aromatic  nucleus. 

The  only  anhydride  of  sugar  which  occurs  in  the  animal 
body  is — 

Glycogen  {C^II^qO^X,  which  is  a  constituent  of  the  liver  of  all 
vertebrate  animals  in  a  state  of  health,  of  the  muscles,  and  of 
nearly  all  the  organs  of  the  embryo,  of  the  villi  of  the  chorion, 
and  the  placental  cotyledons.  It  is  also  a  constituent  of  many 
invertebrates,  as  the  mussel  (G.  Bizio),  the  tape-worm  (M.  Foster). 

Glycogen  is  an  amorphous,  tasteless,  white  powder,  readily 
soluble  in  cold  water,  and  quite  insoluble  in  alcohol  or  ether. 
Its  watery  solution  always  possesses  a  milky  opalescence;  it  is 
strongly  dextrogyrous.  Iodine  colours  solid  glycogen  or  its  watery 
solution  of  a  brown-red  colour. 

When  boiled  with  dilute  acids,  or  when  subjected  to  the 
action  of  certain  animal  ferments,  as  those  of  the  saliva  and  pan- 
creas, or  those  contained  in  the  liver,  blood,  &c.,  glycogen  is  easily 
converted  into  glucose. 

Grlycogen  is  readily  obtained  from  the  liver  of  recently  killed 
animals,  and  in  largest  quantities  from  those  of  animals  which 
have  for  some  time  before  death  been  fed  upon  starchy  or  sac- 
charine food,  by  removing  the  liver  as  quickly  as  possible  from  the 
body,  plunging  it  into  boiling  water,  so  as  to  destroy  the  amylo- 
lytic  ferment  which  it  contains,  and  then,  having  broken  up  the 
liver  substance,  boiling  it  for  some  time  in  water.  The  milky 
jfluid  which  is  thus  obtained  contains  the  glycogen  in  solution, 
and  from  it  it  can  be  precipitated  by  the  addition  of  large 
quantities  of  absolute  alcohol.  For  methods  of  purifying  the  im- 
pure glycogen,  the  reader  is  referred  to  works  on  physiological 
chemistry. 


5.  AMMONIA  AND  AMMONIACAL  DERIVATIVES. 

1.  Ammo7iia  NH3  and  its  salts,  the  so-called  salts  of  am- 
monium, occur  in  traces  in  many  of  the  constituents  of  the  body, 
e.g.  in  the  blood. 

Ammonia  can  take  part  in  the  formation  of  compounds  either  by  the  mona- 

tomic  group  NIIj,  or  the  diatomic  group  NH,  replacing  one  or  two  hydrogen 
atoms ;  in  other  words,  the  hydrogen  atoms  in  ammonia  may  be  replaced  by 
monatomic  or  polyatomic  molecules. 

To  the  group  of  ammonia-derivatives  belong  nearly  all  the  nitrogenous  sub- 
stances of  the  body,  with  whose  constitution  we  are  well  acquainted.  These 
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nitrogenous  bodies  originate  in  the  albuminous  substances  and  their  derivatives, 
in  which  bodies  the  nitrogen  is  probably  present  in  great  part  in  the  form  of 
ammonia,  although  a  portion  of  it  is  contained  as  cyanogen,  seeing  that  some 
nitrogenous  substances  contain  also  cyanogen  (e.g.  m'ic  acid).  The  following 
bodies  belonging  to  this  class  must  be  mentioned : 

a.  Amines, 

which  are  compounds  in  which  the  H-atoms  of  ammonia  or  of  ammoniimi- 
hydi-ate  are  replaced  by  hydrocarbon  groups ;  for  example : 

1 

H  H— C— H 

H  H  H  H-C-H  S  H  1  H 

I  I  I       H^y-^H  I  ill 

H— N— H      H— C— N— H   H-C— N— C-H        H— N— H  H— C  N  C— H 


\  H  0 

c    a  H 

NH3      NH^COHg)      N(0H3)3      NH.OH  N(OH3)3(02H3O)OH 

Ammonia     Methylamine        Trimethyl-       Ammomiim-  Choline  or  Neurine 

amine  hydrate 

2.  Methylamine,  NHj(0H3),  and 

3.  Trimethylamine,  N(0H3)3,  occm-  as  products  of  the  decomposition  of 
choline  and  creatine. 

4.  Choline  or  neurine,  CgHjglSrOa,  trimethyl-oxyefhyl-ammo- 
nium-hydrate  is  one  of  the  products  of  the  decomposition  of 
lecithin.  It  is  obtained  synthetically  from  glycocol  and  trimethyl- 
amine, as  may  be  easily  understood  by  studying  the  graphic 
formula  of  choline ;  for  when  we  unite  the  two  groups  which  are 
joined  to  the  nitrogen  by  means  of  the  oblique  lines,  we  obtain 
the  gi-aphic  formula  which  represents  glycocol,  while  trimethyl- 
amine remains. 

5.  Ouanidine,  imiclo-cm-hodiamide,  0(NH2)2(NH)  (or  diamido-imido-me- 
thane),  is  a  product  of  the  decomposition  of  guanine  O5H5N5O.  It  is  obtained 
synthetically  from  chloropicrin  0(N02)Ol3  and  ammonia: 

ONO2OI3  +  4  NH3  =  0(NH2)2(NH)  +  N3  -h  2  H^O  +  3  HOI. 

Guanidine  is  closely  related  to  m-ea. 

6.  Methylur amine,  methylated  guanidine  (guanidine  in  which  the  group 
OH2  has  entered,  as  in  the  gi'oups  of  the  homologous  series  of  fatty  acids),  or 
diamido-imido-ethane,  C^iiii^^i)^^^^))  is  a  product  of  the  decomposition  of 
creatine. 

h.  Amides 

are  compounds  in  which  the  OH-group  in  acids  is  replaced  by  NH2. 

7.  Urea  or  Carbamide  CO(NH2)2. — In  the  molecule  of  carbonic 
acid  C0(0H)2  we  may  replace  either  one  or  both  hydroxyls  by 
NHg ;  in  the  first  case  we  give  rise  to  the  monamide  carbamic 
acid,  in  the  second  case  to  the  diamide  known  as  carbamide  or 
urea.  The  first  has  only  lately  been  recognised  as  a  constituent  of 
the  animal  organism,  whilst  the  latter  is  the  chief  product  of  the 
retrograde  metamorphosis  of  its  nitrogenous  constituents. 
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The  relations  of  carbonic  acid,  carbamic  acid,  and  urea  are 
seen  by  referring-  to  the  appended  graphic  formulae  : 

O  HO  H   0  H 

^  11  ^  A  I   II      »  I  II  I 

H— 0— C— 0— H  H— N— O-O— H  H— N— C— N— H 

00(011),  00(NH2)0H  00(NII,), 

Carbonic  acid  Monamide  of  carbonic  acid  Carbamide  or  Urea 

(Carbamic  acid) 

It  has  been  asserted  by  Drechsel  that  carbamic  acid  exists  in  the  blood 
{SitzungsbericMe  cl.  k.  sdchs.  Acad,  der  Wissenschaften.  Math.-Phys.  Kl.  1875), 
but  the  fact  has  been  denied  by  Hofmeister  {lyiiigei^s  Archiv,  1876,  S  337-347), 
though  on  insufficient  grounds. 

Urea  is  the  chief  and  most  characteristic  constituent  of  the 
urine  of  man  and  of  carnivorous  mammals,  and  is  also  found  in  the 
urine  of  the  herbivora,  of  birds,  and  of  many  reptiles.  It  is  a 
normal  though  very  scanty  constituent  of  the  blood,  and  of  fluids 
which  transude  from  it,  and  is  constantly  found  in  the  liver. 

Urea  can  readily  be  obtained  from  human  urine  by  concentra- 
ting it,  decanting  the  dark-coloured  fluid  from  the  deposit  of 
insoluble  salts  formed  during  the  process  of  evaporation,  and 
adding  strong  and  pure  nitric  acid,  when  a  crystalline  mass  of 
nitrate  of  area  (CH^NgO,  HNOg)  separates  ;  this  is  pressed,  washed 
with  a  little  ice-cold  water,  then  dissolved  in  boiling  water,  to 
which  is  added  an  excess  of  barium  carbonate  and  pure  animal 
charcoal.  On  evaporating  to  dryness  and  boiling  the  residue  with 
alcohol,  urea  is  dissolved,  and  may  be  obtained  on  evaporating 
the  fluid  and  allowing  it  to  crystallize. 

Urea  crystallizes  in  colom-less  needles  or  in  long  four-sided 
prisms,  which  belong  to  the  rhombic  system. 

Urea  is  inodorous  ;  it  possesses  a  cooling  and  somewhat  bitter 
taste,  not  unlike  that  of  nitre,  and  is  very  readily  soluble  in 
water  and  alcohol.  The  following  reactions  of  urea  are  of  special 
importance  : 

a.  In  the  presence  of  decomposing  animal  substances  (speci- 
ally when  its  solutions  are  mixed  with  decomposing  urine),  when 
boiled  with  alkalies,  or  when  superheated  with  water,  urea  com- 
bines with  2  HgO,  and  is  converted  into  ammonium  carbonate  ; 
thus : 

OOCNII^)^  +  2  H^O  =  CO(O.Nnj,. 
The  relations  of  urea  to  ammoniiun  carbonate  are  shown  below  : 
H  o  H  H       o  H 

I   II   I  L      II  I 

H--N-C-N-H  H— N-O-C-O-N-H 

^  ^  lA  hA 

OOfNII,)^        .     •  00(O.NH,), 

Urea  Ammonium  cm-bonate 

h.  When  treated  with  nitrous  acid,  urea  is  at  once  decomposed, 
as  follows : 

00(NIIs)3  +  2  NOjH  =  00,  +  2  N,  +  3  n,0. 
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c.  When  treated  with  solutions  of  alkaline  hypobromites,  solu- 
tions of  m-ea  are  decomposed  into  carbonic  acid  and  nitrogen,  the 
former  being  absorbed  by  the  alkaline  hypobromite. 

d.  Mercuric  nitrate  produces  in  solutions  of  urea  a  white 
precipitate  having  the  composition  2  ( CO(NH2)2)  +  3  HgO  + 
Hg(N03V. 

Upon  this  reaction  is  based  Liebig  s  method  of  determining  urea 
in  urine.  Two  volumes  of  urine  are  mixed  with  one  volume  of 
so-called  haryta-mixture  (which  is  made  by  mixing  equal 
volumes  of  concentrated  solution  of  barium  hydrate  and  cold 
saturated  solution  of  barium  nitrate),  with  the  object  of  precipi- 
tating the  phosphates  and  sulphates  contained  in  the  urine. 

To  15  C.C.  of  the  filtrate,  corresponding  to  10  C.C.  of  urine,  a 
solution  of  mercuric  nitrate  of  known  strength  is  added  as  long  as 
a  precipitate  is  formed.  The  end  of  the  reaction  is  ascertained  by 
adding  a  solution  of  sodium  carbonate  to  a  drop  of  the  liquid ; 
a  yellow  precipitate  forms  as  soon  as  more  mercury  solution  has  been 
added  than  is  required  to  combine  with  the  urea.  The  mercury 
solution  is  usually  of  such  strength  that  1  C.C.  corresponds  to  O'Ol 
grm.  of  urea. 

Synthesis  of  Urea,  and  its  relations  to  other  bodies. — Urea  "was  the  first 
organic  substance  whicli  was  syntlietically  obtained  (Wolilft.v)  ;  it  can  be  made 
artificially  by  many  processes,  as  by  beating  ammonium  cyanate,  when  a  re- 
arrangement of  atoms  takes  place  (0N(0.NH4)  =00(NH2)2). 

H  H  H   0  H 

*  \y  I  II  I 

NsC— 0— H  N=C— 0— N  H— N— C— N— H 

ON(OH)  ON(O.NH,)  OOCNH^), 

Cyanic  acid  Ammonimn  cyanate  Urea 

Urea  can  also  be  prepared  from  carbonyl  cbloride  (phosgene  gas)  and 
ammonia : 

OOOlg  +  2  NH3  =  00(NH,)2  +  2  HOI 

H  o  H  H  0  H 

>  II  L  I    'I  i 

H— N-H      Cl-C-Cl  H-l!r— H  Cl-H  H-N-C— N-H  H-Cl 

NH3        OOOI2        NH3  HOI      00(NH,)2  HOI 

Phosgene  gas  Urea 

Urea  differs  from  guanidine  in  that  in  the  latter  body  the  carbon  atom  is 
joined  to  the  diatomic  molecule  NH,  instead  of  to  an  O-atom. 

In  both  the  NH,j-molecules  of  urea,  the  H-atoms  admit  of  being  replaced  by 
alcohol-  or  acid-radicals.  Combinations  of  the  latter  kind — namely,  where  2  H 
are  replaced  by  diatomic  acid  radicals— are  often  obtained,  in  addition  to  ordi- 
nary urea,  in  the  artificial  oxidation  of  uric  acid  (which  is  itself  a  body  of  the 
same  kind,  only  more  complex).  The  radicals  of  the  oxalic  acid  series  and 
their  immediate  derivatives  are,  indeed,  such  compound  ureas ;  some  of  them 
are  called  acids,  for  the  last  H-atom  of  the  amide  group,  which  is  still  present 
can  be  replaced  by  a  metal.  Some  of  these  bodies  are :  Parabanic  acid  (oxalvl- 
urea)  00(NH)2(0,0a),   Barbituric  acid  (malonyl-m-ea)  00(NH)2(0,H,0,'), 
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Dialuric  acid  (tartronyl-iu-ea)  00(Nl-I)2(CJIoO,),  Alloxan  Cmesoxalyl-urea") 
00(NH)2(0303).  ^ 


o  o 

II  II 
c— c 

•    /     \  * 

H— N       N— H 


Parabanic  acid 


0   0  0 

II    I  II 

c— c— c 

«  /  I  \ 

H— N      H  N- 

II 

o 

Barbituric  acid 


» 

-H 


H— N 


0   0  0 

II     I  II 

c-c— c 

/  I  \ 

t  r 

\, 


ij— H 


Dialuric  acid 


0  0  0 

II    II  II 

c-c-c 

H-li^C— N— H 

n 

o 


Alloxan 


When  subjected  to  hydrolytic  processes  these  ureas  comhine  with  one  or 
two  molecules  of  H^O  ;  in  the  first  case  the  ring  as  it  were  opens,  and  an  acid 
is  formed  in  which  only  one  of  the  OH  groups  is  replaced  by  m-ea ;  if  two 
molecules,  however,  enter,  urea  entirely  separates  from  the  acid ;  e.(/.,  in  the 
case  of  parabanic  acid,  the  first  molecule  of  water  yields  oxaluric  acid. 

H  o  H  o  0 

I    II   I    II  II 

H— N— C— N— C— C— 0— H 
Oxaluric  acid 

The  second  molecule  of  water  leads  to  the  formation  of 

H  o  H  00 

I    II    I  II  II 

H— N— 0— N— H   and  H-0— C— C— 0— H 


00(NH,), 

Urea 


Oxalic  acid 


When  reduced,  alloxan  furnishes  alloxantin  (CgH^N^O^). 

2  O^H^N.O^  +  H2  =  Ogll^N^O,  +  H^O. 

Alloxantin  is  an  ether-like  combination  of  alloxan  and  dialmic  acid  (see  above), 
and  on  the  addition  of  HjO  yields  these  two  substances : 

+  H,0  =  0,H,N,0,  +  O.H^N.O^. 
Dialuric  acid  is  obtained  by  the  fiu-ther  reduction  of  alloxan  or  alloxantin  : 

O.H^N^O^  +     =  04H4N,0, 
OgH.Np,  +  H^O  +  H,  =  2  (0,H,N,OJ 

c.  Amido-Acids 

are  acids  in  which  hydrogen  atoms  of  the  acid  radical  are  replaced  by  NHj ;  for 
iostance : 

HO  H   H  O 

I-i-cLo-H  H-il-c-c-o-l: 

A 


H- 


H 


H 


OjHgOCOH) 

Acetic  acid 


0,H,(NH,)0(On) 

Amido-acetic  acid  or  glycocine 


The  amido-acids  behave,  on  the  one  hand,  as  acids,  on  the  other  as  bases, 
inasmuch  as  their  ammoniacal  residue  combines  with  acids,  e.g. 

H   H   O  H  H  O 

I      I     II  I     I     II  « 

H— N-C-C-O-H 


H— N— U— C— 0— Ag 

Glycooino-silver  compound 
Silver  Amido- Acetate 


Glycocine  hydrocblorato 
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When  treated  with  nitrous  acid  the  amido-acids  yield  oxy-acids ;  thus  the 
amido-fatty  acids  yield  the  oxy-fatty  acids  (Glycollic  Acids,  p.  14),  by  the  re- 
placement of  the  molecule  NHj  by  the  molecule  OH. 

8.  Glycocine  (giycocol,  sugar  of  gelatin,  amido-acetic  acid), 
C2H2(NH2)O.OH,  does  not  occur,  as  such,  in  the  body,  but  forms 
part  of  so-called  conjugate  acids,  and  exists  in  complex  combina- 
tions in  gelatin. 


H  H  o 

i- 
A 


I    II  » 

H— N— C— C— 0— H 


H 

0,H,(NH,)0(OH) 

Amido-acetio  acid  or  glycocine 

Glycocine  when  treated  with  nitrous  acid  yields  oxy-acetic  or  glycollic  acid. 
It  can  be  prepared  sjoithetically  from  chloracetic  acid  and  ammonia.  It  unites 
with  monobasic  acids  so  as  to  form  compounds,  in  which  one  H-atom  of  the 
KHg  is  i;eplaced  by  the  acid  radical  (the  OH-group  and  the  H-atom  combining 
to  form  HgO),  thus  : 

H        H  H  H 

0  H  H  0  O  H  H   0      C— 0 

»     II  I  I        «     II  y   V         *     II  1  I  II  /  \ 

i_0-G-C-N-H      H-O-C-C         C-H         if-O-C-C-N-C-C  C-H 
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H  C=C  H  CO 
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a      n  H  H 

Glycococine  Benzoic  acid  Hippuvic  acid 

O^H^CNHoJOCOH)  CH(0eH,)02  OgHgNOg 

The  following  are  compounds  which  imder  hydrolytic  influences  combine 
with  HjO  and  split  up  into  glycocuie  and  an  acid :  they  are  called  conjugate 
acids : 

Olycocholic  acid  (see  p.  18)  CggH^gNOg  is  a  constituent  of  the 
bile. 

Hippurio  {Benzamidacetic)  acid  C9H9NO3  occurs  in  small 
quantities  as  a  constant  constituent  of  the  urine  of  man,  and  in 
large  quantities  in  the  urine  of  herbivorous  animals  ;  it  is,  indeed, 
the  chief  nitrogenous  proximate  principle  contained  in  the  urine 
of  the  latter.  Hippuric  acid  occurs  besides  in  the  urine  of  all 
animals,  if  benzoic  or  some  other  aromatic  acids — such  as  cinnamic, 
mandelic,  or  chinic  acid — form  a  part  of  their  food. 

When  hippuric  acid  is  boiled  with  hydrochloric  acid  for  some 
time,  it  combines  with  the  elements  of  water  and  yields  glycocine 
and  benzoic  acid ;  thus — 


OgHgNOg  +  11^0  =  O.IIsNOj  +  C,PIe,0, 


2 


Hippuric  acid  Glycocine      Benzoic  acid 

The  relation  which  these  two  products  bear  to  hippuric  acid 
is  rendered  more  plain  by  a  study  of  the  appended  graphic 
formulae : 
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C=0  H  C=C 
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H 

Glycooine  Benzoic  acid  Hippuric  acid 

0,n,(NH,)0(OII)  OII(OeII,)0,  OgHgNOg 

Knowing  these  relations  of  hippuric  acid,  it  is  not  difficult  to 
conceive  that  after  benzoic  acid  has  been  introduced  into  the 
organism,  hippuric  acid  should  be  excreted  ;  we  have  only  to  con- 
ceive that  in  its  passage  through  the  organism  it  should  encounter 
glycocine,  a  body  which  we  already  know  as  occurring  in  the  con- 
jugated bile  acids,  and  then  it  is  easy  to  understand  that  this 
compound  acid  should  arise. 

Whence,  however,  is  the  hippuric  acid  derived  which  is  ex- 
creted in  such  large  quantities  in  the  urine  of  the  herbivora  ?  This 
is  a  question  which  must  be  looked  upon  as  yet  undecided.  In  all 
probability  the  aromatic  nucleus  of  hippuric  acid  is  derived  from 
some  non-nitrogenous  body  existing  in  the  food  of  the  herbivora, 
which  can  readily  undergo  conversion  into  benzoic  acid. 

Such  a  body  is  probably  chinic  acid  CyHjgOg,  or  a  body  closely 
related  to  it  (perhaps  CyHgOg).  Whilst  the  researches  of  the 
chemist  tell  us  that  this  acid  yields,  when  it  is  reduced,  benzoic 
acid,  physiological  experiments  have  shown  that,  after  the  injection 
of  a  salt  of  chinic  acid,  hippmic  acid  is  excreted. 

Hippm-ic  acid  when  pure  occurs  in  the  form  of  slender  four- 
sided,  hard,  somewhat  opaque  prisms  belonging  to  the  rhombic 
system.  It  requires  for  solution  600  parts  of  cold  water,  but  it  is 
much  more  readily  soluble  in  hot  water  than  alcohol.  Its  solutions 
have  a  strong  acid  reaction. 

When  heated  in  a  narrow  glass  tube,  hippuric  acid  is  observed 
first  of  all  to  melt,  and  on  cooling  the  product  a  crystalline  mass 
is  obtained ;  when  heated  more  strongly,  it  yields  a  crystalline  sub- 
limate of  benzoic  acid,  ammonium  benzoate,  and  oily  drops  ;  when 
heated  more  strongly,  it  yields  cyanogen  compounds. 

When  boiled  with  nitric  acid  and  the  acid  driven  off  by  evapo- 
ration, the  residue  smells  of  nitrobenzol,  and  the  colour  reactions 
of  this  body  may  be  obtained. 

Hippuric  acid  is  a  monobasic  acid  ;  its  silver  salt  is  soluble 
in  hot  water,  and  is  deposited  in  crystalline  needles  from  it  on 
cooling. 

Hippuric  acid  can  be  readily  obtained  in  an  impure  condition 
from  the  mine  of  the  cow  or  of  the  horse  by  boiling  it  with  milk 
of  lime  for  some  time,  filtering,  concentrating  the  filtrate  until  its 
bulk  is  one-sixth  or  one-eighth  that  of  the  original  urine,  and  then 
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adding-  hydrochloric  acid.  Hippuric  acid  separates  in  the  form  of" 
a  highly-coloiu-ed  crystalline  mass.  This  may  be  purified  by  solu- 
tion and  decolor izati on  with  animal  charcoal. 

Other  aromatic  acids  possess  the  power,  like  benzoic  acid,  of 
linking  themselves  to  glycocine  in  the  system,  and  of  forming 
compounds  analogous  to  hippmic  acid.  Thus,  after  salicylic  acid 
CyHgOg  has  been  introduced  into  the  body,  salicyluric  acid  C9H9]S'04 
is  excreted  in  the  urine.  The  latter  acid  readily  decomposes  into 
glycocine  and  salicylic  acid  ;  thus — 

O^HgNO,  +  H,0  =  O^H.NO,  + 

V  Y    T  '  ' 

Salicyluric  acid  Glycocine      Salicylic  acid 

Similarly,  in  passing  through  the  system,  anisic  (formobenzoic- 
acid)  is  converted  into  anisuric  acid,  and  toluic  into  tolmic  acid. 

9.  Alanine,  amido-proprionic  acid,  03H4(NH2)O.OH,  does  not  occur  in  tlie- 
animal  body. 

10.  Butalanine,  aniido-valerianic  acid,  05Hg(NH2)O.OII,  is  said  to  accom-- 
pany  leucine  in  some  animal  tissues. 

11.  Leucine,  or  amidocaproic  acid,  CgH[jQ(]S'H2)0.0H,  occurs 
as  a  constituent  of  many  glandular  organs,  and  especially  of  the- 
pancreas.  It  is  a  constituent  of  the  urine  in  certain  diseases, 
especially  in  acute  yellow  atrophy  of  the  liver,  and  is  one  of  the 
products  of  the  decomposition  of  the  proteids  by  the  pancreatic 
proteolytic  ferment,  being,  however,  also  produced  during  the 
putrefactive  decomposition  of  the  proteids  and  by  the  action  of 
strong  acids  and  alkalies  upon  them. 

Leucine  is  soluble  in  27  parts  of  cold  water ;  it  is  very  spar- 
ingly soluble  in  cold  and  hot  alcohol.    It  crystallises  from  its 
solution  in  nodules  and  balls,  which  sometimes  exhibit  radiating- 
markings,  and  which  occasionally  are  formed  of  radially  arranged 
plates. 

Leucine  melts  at  170°  and  may  be  sublimed. 

12.  Se)-ine  is  probably  amidolactic  acid  03H5(NH2)03,  and  is  obtained,  in, 
addition  to  leiicine  and  tyrosine,  when  silk-gelatine  is  boiled  witli  acids. 

When  treated  with  nitrous  acid  it  yields  oxylactic  acid  or  glyceric : 
acid. 

13.  Cystine  CgH^NSOg  has  been  considered  as  serine,  in  which 
one  atom  of  oxygen  has  been  replaced  by  S,  and  as  having  pro- 
bably the  same  constitution.  It  is  a  constituent  of  the  kidneys,, 
and  is  occasionally  found  in  the  urine  and  in  urinary  calculi.  The 
formula  of  cystine  is  probably  CgHgNSOg ;  when  decomposed  by 
means  of  nitrous  acid  it  does  not  yield  glyceric  acid,  as  would 
almost  certainly  be  the  case  if  it  were  derived  from  serine  (Dewar- 
and  Gamgee). 
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14.  TauHne,  amido-ethyl-sulphonic  acid,  S02(OH)(C2H4.H2N) 

0—0  O— OH  H  0— OH  H  H 

*       \/  \/  I     I  \/  I    I  I 

H— 0-S-O-H  H— 0— &-6-C— H  H— 0-S— C-C-N-H 

u  u 

SO,(OH),  S02(OH)(02H5)  SO,(0H)(02H4.H,N) 

Sulphuric  acid  Ethylsulphonic  acid        Amido-ethyl-sulphonic  acid  or  Taurine 

This  body  occurs  in  the  bile  as  a  compound  of  cholic  acid,  similar 
to  that  of  glycocine,  viz.  as  Taurocholic  acid  (Ca^H^gNSOy) ;  it  is 
also  present  in  a  free  condition  in  some  glands. 

15.  Tyrosine,  CgHj^NOg,  is  an  amido-acid,  whose  constitution 
is  not  yet  known,  but  which  contains  as  its  basis  an  aromatic 
residue  ;  it  is  generally  found  in  small  quantities  accompanying 
leucine.  Like  leucine,  it  is  an  ingredient  of  glandular  organs,  and 
is  a  product  of  the  digestion  and  decomposition  of  proteids  ;  it 
also  occurs  in  the  urine  in  cases  of  acute  yellow  atrophy. 

Wlien  heated  with  mercuric  nitrate,  in  presence  of  some  nitrous  acid,  tyrosine 
jields  a  red  coloration. 

d.  Amido  acids,  in  which  the  hydrogen  of  the  ammoniacal 
residue  is  itself  substituted. 

16.  Sarcosine,  methyl-amido-acetic  acid  or  methj'l-glycocine, 

0,H2(NH[CH3])O.OH, 

is  obtained  when  creatine  is  treated  with  alkalies,  or  synthetically  hy  the  action 
■of  methylamine  on  chloracetic  acid  (refer  to  p.  39  for  the  synthesis  of  Glycocine). 
It  is  an  isomer  of  alanine. 

HHHO  HHHO 
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H— N— C— C— 0-0— H  H— 0— N-C— C-O-H 

H  H  H  H 

Alanine  Sarcosine 

17.  Creatine,  methyl-guanidine-acetic  acid,  C4H9N3O2,  is  a 
•constituent  of  the  blood,  the  muscles,  the  brain,  &c. 

H  H 
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Methyl-guanidine  Methyl-guanidine-acetic  acid  (Creatine) 

Creatine  is  obtained  synthetically  from  cyanamide  (CN.NHj),  and  sarcosine ; 
-one  can  in  the  graphic  formula  of  creatine  easily  recognise,  on  the  left,  the  residue 
of  cyanamide,  and,  on  the  right,  that  of  urea. 

+  H,0  =  O3H7NO2  +  OHAO- 
Actually,  m-ea  only  diflfers  from  cyanamide  in  containing  one  molecule  more 

*  H  H  0  H 

H-ll-CsN  H-ilr-c-if-H 
Cyanamide  Vrea, 
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When  oxidized  (by  means  of  mercuric  oxide,  peroxide  of  lead,  &c.);  creatine 
yields  methyl-guanidine  and  oxalic  acid,  a  decomposition  wMch  is  intelligible 
enough,  when  we  consider  that  both  methyl-guanidine  and  acetic  acid  occur  in 
creatine,  and  that  oxalic  acid  is  a  doubly  oxidized  acetic  acid  (p.  16). 

By  other  methods  of  oxidation,  creatine  yields  methyl-parabanic  acid,  which 


is  also  an  inteUigible  enough  reaction. 


e.  Ammoniacal  Derivatives  of  unknown  Constitution. 

18.  Uric  acid  C5H4N4O3  is  a  constituent  of  the  urine  of  man 
and  the  carnivora,  and  is  found  in  smaller  quantities  in  that  of 
the  herbivora.  In  some  classes  of  animals  it  constitutes  the  chief 
urinary  constituent. 

Uric  acid,  when  pure,  presents  the  appearance  of  a  white  powder 
which  consists  of  minute  microscopic  crystals.  It  is  inodorous  and 
tasteless ;  it  is  insoluble  in  cold  water,  requiring  14,000  parts  to 
dissolve  it,  and  is  very  sparingly  soluble  in  hot  water.  It  is  in- 
soluble in  alcohol  or  ether. 

It  is  readily  obtained,  though  somewhat  contaminated  with 
colouring-  matter,  by  acidulating  urine  with  hydrochloric  or  nitric 
acid,  and  allowing  it  to  stand  for  24  or  36  hom's.  By  dissolving 
the  coloured  crystals  thus  obtained  in  a  solution  of  sodium  or 
potassium  hydrate,  and  then  neutralizing  with  an  acid,  colourless 
uric  acid  may  be  obtained. 

Murexide  test.  When  treated  with  nitric  acid  and  evaporated 
to  di-yness,  uric  acid  yields  a  golden-red  residue,  which  is  coloured 
pm-ple-red  (murexide,  purpurate  of  ammonia)  by  ammonia,  and 
blue  by  potash. 

^  The  most  probable  view  of  the  constitution  of  uric  acid  is  that 
it  is  tartronylcyanamide. 

H  H  H 

000  HoioH  HO  0    0  H 

&_0-0_c^(^0-H  H-N-C-i-C-N-H  N=C-ll-C-C-C-N-r:ClT 

i  k  "              k  ~ 

03H,03(OH),  03H,03(NH,)3  03H,03(NH.0N), 

Tartromc  (or  oxymalonio  Tartronylamide  Tartronyl-cyauamide 

(uric  acid) 

Uric  acid  is  bibasic,  as  in  it,  as  in  compound  ureas  (p.  38),  both 
the  remaining  H-atoms  of  the  amide  groups  are  replaceable  by 
metals.  Of  the  salts,  of  which  the  acid  ones  are,  like  uric  acid  it- 
self, very  slightly  soluble  in  water,  those  of  sodium  and  ammonium 
occur  m  man,  chiefly  in  pathological  conditions. 

By  oxidation,  uric  acid  yields : 

a,  in  presence  of  acids,  alloxan  and  urea : 

O^H.N.Oj  +  1-1,0  +  0  =  O.H.N^O,  +  OH,N,0. 
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(Alloxan  yields  on  further  oxidation  carbonic  acid  and  parabanic 
acid,  +  0  =  CO2  +  C3H2N2O3). 

6,  in  presence  of  alkalies,  allantoine  (C^HglSr^Og)  and  carbonic 
acid : 

O.HAOs  +  H,0  +  0  =  0,IIeN,03  +  00,. 

19.  Xanthine  CgH^N^Oj  occurs  in  traces  in  many  organs  of 
the  body  and  in  the  urine,  and  can  artificially  be  obtained  from 
hypoxanthine.    A  body  isomeric  with  it  is  obtained  from  guanine. 

20.  Hypoxanthine,  or  Sarcine,  CgH^N^O,  occurs  together  with 
xanthine,  into  which  it  is  converted  by  the  action  of  oxidizing 
agents. 

21.  Gamine  C^HgN^Og  occm-s  in  small  quantities  in  extract 
of  meat  (Weidel) ;  under  the  influence  of  bromine  it  is  oxidized  to 
hypoxanthine : 

O^HgN^Oj   +  Bi-j  =   O^H^N.O.IIBi-   +  OHgBr   +  CO, 

Carnine  Sarcine  hydrobromate   Methyl- bromide 

22.  Guanine  CgHgNgO  occurs  in  small  quantities  in  the  pan- 
creas and  liver,  as  well  as  in  guano  and  the  excrements  of  spiders. 

When  oxidized,  guanine  yields  a  body  wHcli  is  isomeric  with  xanthine  (iso- 
xanthine),  nitrogen  being  evolved, 

2  O5II5N5O  +  30  =  2  OjH^N^Oj  +  HgO  +  N^. 

Other  oxidizing  agents  split  it  up  into  carbonic  acid,  parabanic  acid  and  guani- 
dine, 

O5H5N5O  +  H^O  +  3  0  =  OO2  +  O3H2N2O3  +  OHsNg. 

23.  Greatinine  C4H7N3O  is  a  constituent  of  urine. 

Creatinine  is  a  strongly  alkaline  substance ;  it  forms  a  characteristic  crystal- 
line compound  with  chlorine  of  zinc.  It  is  an  anhydride  of  creatine,  from  which 
it  is  easily  obtained,  and  into  which  it  is  easily  reconverted.  The  most  probable 
view  of  the  formation  of  this  anhydride  is  shown  in  the  accompanying  formvda : — 
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Creatiuj  Creatinme 

24.  Inosinic  acid  OgHgNgOe,  a  constituent  of  muscles. 

25.  Kynurmic  acid  OjoHj^NjOg  occurs  in  the  mine  of  dogs. 

26.  Allantoine  C4HgN403  is  a  constituent  of  the  urine  of  the 
foetus  and  the  sucking  infant.  It  is  obtained  by  the  oxidation  of 
uric  acid.  Under  hydrolytic  influences  allantoine  splits  into  urea 
and  allanturic  acid  (C3H4N.P3) ;  thus 

O^H^N^Oj  +  H3O  =  OHAO  +  C)3H,N,03 
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27.  The  Colouring  Matters  of  the  Animal  Body. 

These  substances,  of  which  the  best  known  are  connected  with 
the  derivatives  of  ammonia,  are  in  general  crystallizable,  and  pro- 
bably originate  in,  or  are  derived  from,  one  substance  which  con- 
tains iron  and  is  called  haematin.  As  our  knowledge  of  the  con- 
stitution and  chemical  relations  of  the  animal-coloui'ing  matters 
is  comparatively  slight,  it  is  most  convenient  to  classify  them, 
according  to  the  fluids  of  the  body  in  which  they  occur,  into 

a,  Colouring  matter  of  the  blood  and  its  derivatives. 
6,  Colouring  matters  of  the  bile  and  their  derivatives, 
c,  Coloming  matters  occurring  in  the  urine  and  their  deriva- 
tives. 

cZ,  Melanin  and  other  sparsely  diffused  colouring  matters. 

a.  In  the  case  of  the  blood-colouring  matter  haemoglobin,  it  is 
expedient  to  postpone  a  full  account  of  its  compounds,  properties 
and  derivatives  to  the  chapter  in  which  the  physiology  of  the  blood 
is  treated  of ;  for  it  affords  an  instance  in  which  the  chemical  and 
physical  properties  of  a  proximate  principle  offer  the  most  com- 
plete explanation  of  its  function  in  the  body.  In  order,  however, 
to  enable  the  reader  to  appreciate  some  of  the  remarks  which  have 
to  be  made  in  reference  to  the  bile-colouring  matters,  a  few  words 
may  be  said  in  this  place. 

Hcemoglobin  is  a  red  colouring  matter  contained  in  the  red- 
blood  corpuscles  which  can  be  obtained  from  the  blood  of  most 
animals  in  a  crystalline  condition.  It  has  approximately  the  fol- 
lowing percentage  composition — C  54'0,  H  7*25,  N  16'25,  S  0*63, 
Fe  0'42, 0  21  '45.  If  we  assume  that  its  molecule  contains  one  atom 
of  iron,  haemoglobin  will  have  the  formula  CgQoHggoN^^^FeSgOjyy. 

Under  various  circumstances  this  complex  body  splits  up 
into  an  albuminous  body  and  into  haematin  C34H34N4FeOg  or 
CggHygNgFegOio  (Hoppe-Seyler),  the  latter  containing  all  the  iron 
of  the  haemoglobin  from  which  it  is  derived.  Haematin  contains 
between  8'78  and  8*88  per  cent,  of  Fe ;  it  forms  a  crystalline 
hydrochlorate  called  haemin. 

h.  Colouring  matters  of  the  bile. 

Bilirubin  (CjgHjgNaOg  Stadeler). — This  body,  which  has  been 
described  under  the  name  of  cholepyrrhin  and  biliphaein,  ap- 
pears to  be  the  normal  colouring  matter  of  the  bile  of  man  and 
of  carnivorous  animals  generally.  It  is  a  frequent  constituent  of 
biliary  calculi,  in  which  it  occurs  combined  with  lime,  and  in  small 
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quantities  it  occurs  in  old  sanguineous  extravasations.  The  latter 
fact  argues  very  strongly  in  favour  of  the  view,  which  receives 
support  from  other  considerations,  that  bilirubin  is  derived  from 
the  hsematin  of  haemoglobin. 

Bilirubin  occurs  both  in  an  amorphous  and  in  a  crystalline 
condition.  Its  colour  is  orange  red  ;  it  is  insoluble  in  water,  very 
slightly  soluble  in  ether,  somewhat  more  soluble  in  alcohol,  but 
much  more  soluble  in  chloroform.  All  solutions  of  bilirubin  ex- 
hibit, even  when  highly  diluted,  a  yellow  colom*. 

Bilirubin  is  soluble  in  alkaline  solutions,  from  which  it  is  pre- 
cipitated on  neutralization  with  acids. 

Bilirubin  forms  compounds  with  bases,  playing  the  part  of  a 
monobasic  acid.  Its  calcium  compound  has  the  composition 
CigHj^CaNgOg ;  it  is  insoluble  in  water,  alcohol,  ether,  and  chloro- 
form. It  is,  however,  easily  decomposed  by  means  of  hydrochloric 
acid,  and  then  the  liberated  bilirubin  can  be  extracted  by  chloro- 
form. 

When  subjected  to  oxidizing  agents,  bilirubin  is  converted  into 
biliverdin,  and  afterwards  into  bilicyanin  and  choletelin. 

Preparation  of  bilirubin. — Bilirubin  is  best  prepared  from 
the  gall-stones  of  the  ox,  which  are  richer  in  this  substance  than 
those  of  man,  and  in  which  it  is  not,  as  in  the  latter,  mixed  with 
cholesterin. 

The  gall-stones  are  dried,  powdered,  and  extracted  successively 
with  boiling  water,  boiling  ether,  and  then  with  successive  quan- 
tities of  dilute  hydrochloric  acid  ;  the  residue  is  dried  and  treated 
with  repeated  quantities  of  chloroform ;  these  chloroform  solutions 
are  mixed,  and  the  greater  part  of  the  chloroform  is  distilled  oflF. 
On  adding  alcohol  the  bilirubin  is  precipitated  as  an  amorphous 
orange-yellow  powder  very  similar  to  antimony  sulphide. 

Qmelin's  reaction. — When  a  solution  of  bilirubin,  or  the  dry 
substance  itself,  is  treated  with  nitric  acid  which  is  coloured  with 
nitrous  acid,  a  play  of  colour  is  produced,  blue,  violet,  and  green 
alternating,  giving  place  finally  to  a  dirty  claret  colom*. 

Biliverdin  {0,^Ti„^P^  Stadeler ;  OieHigN^O^Maly).— This  coloui-ing  matter 
does  not  appear  to  occur  in  the  human  organism ;  it  is,  however,  foiind  at  the 
edges  of  the  placenta  in  the  dog,  and  it  occurs  occasionally  even  in  man  in 
vomited  matters,  in  the  alvine  dejections,  and,  it  is  said,  sometimes  in  the 
urine. 

Bilirubin  in  solution  is,  on  exposure  to  the  an-,  converted  into  biliverdin,  the 
process  being  hastened  by  alkalinity  of  the  fluid.  Thus,  if  bilirubin  be  dissolved 
in  dilute  solution  of  sodium  hydrate  and  exposed  to  the  air,  the  solution  gener- 
ally becomes  green  ;  and  then,  on  adding  hydrochloric  acid,  biliverdin  is  precipi- 
tated. Biliverdin  may  also  conveniently  be  prepared  by  digesting  pure  bilirubin 
for  a  couple  of  days  in  monochloracetic  acid  at  a  gentle  temperature.  The  simple 
addition  of  water  is  sufficient  to  precipitate  the  biliverdin  (Maly,  '  TJntersuch- 
ungen  iiber  die  Gallenfarbstofle,'  IV.  Ahhmidlimg.  Sitzumjshenchtc  d.  Wiener 
Akademie  70,  III.  Abtheil.  1874).  ,   ,     .     ,       •       .      ^,  a 

Biliverdin  is  an  amorphous  dark-green  body,  insoluble  in  water,  ether,  and 
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chloroform,  but  very  soluWe  in  alcohol,  the  solution^  having  a  beautiful  green 
colour.    Biliverdin  is  readily  sohible  in  alkaline  solutions. 

Bilifuscin  O^^^^jd^  ( =  bilirubin  +  H^O)  is  a  black  shining  amorphous 
body,  insoluble  in  water,  ether,  and  chlorofoi-m,  but  readily  soluble  in  alcohol, 
■which  it  colom-s  brown ;  it  is  contained  in  small  quantities  in  the  gall-stones  of 
man. 

Biliprasin  O^^c^^rPe  ( =  bilifuscin  +  HjO  +  0)  is  present  in  small  quan- 
tities in  some  human  gall-stones. 

Bilicyanin  (Heynsius  and  Campbell,  '  Die  Oxydations-producte  der  Gallen- 
farbstoffe  imd  ihre  Absorptionsstreifen,'  Pflilgei^s  Archiv.  1871,  p.  461)  is  the 
name  which  has  been  applied  to  an  imperfectly  studied  and  yet  not  separated 
body  which  is  produced  during  the  oxidation  of  bilirubin,  and  which  appears 
to  be  intermediate  between  bilirubin  and  biliverdin.  This  is  the  same  body 
which  has  been  described  by  Stokvis  under  the  name  of  cholecyanin  ('Das 
Gmelin'sche  (blaue)  Oxidations  product  der  Gallenfarbstoffe,  Centralblatt  f,  d. 
med.  Wissenschaft,  1872,  No.  50).  ,        ,     .  •  , 

Choleletin  is  an  imperfectly  studied  oxidation-product  obtained  from  biliinibin 
by  acting  upon  it  with  nitrous  acid  (Maly).  By  Stokvis,  as  well  as  by  Heynsius 
and  Campbell,  choleletin  has  been  considered  to  be  identical  with  hydrobili- 
rubin.  The  spectroscopic  researches  of  Vicrordt,  however,  establish  a  difference 
fVierordt,  '  Physiologische  Spektralanalyz,'  Zeitschrift  f.  Biologie,  1874,  10, 
399-409). 

Hydrobiliruhin. — When  bilirubin  is  dissolved  in  a  dilute  solu- 
tion of  sodium  or  potassium  hydrate,  and  subjected  to  the  action 
of  sodium  amalgam  for  some  days,  the  dark  opaque  solution  be- 
comes transparent  and  of  a  golden-yellow  colour,  and  hydrochloric 
acid  then  throws  down  from  it,  in  the  form  of  brown-red  flakes,  a 
pigment  wliich  resembles  bilirubin  in  its  capability  of  uniting 
itself  in  bases.  This  pigment  is  easily  soluble  in  alcohol,  slightly 
soluble  in  water,  and  is  readily  dissolved  by  alkaline  fluids.  Such 
alkaline  solutions  possess  the  colour  of  urine. 

The  spectroscopic  characters  of  this  solution  are  very  marked. 
Acid  solutions  exhibit  a  sharply-defined  absorption  band  between 
the  green  and  blue  corresponding  to  the  space  between  Frauen- 
hofer's  lines  b — F.  In  alkahne  solutions  this  band  is  fainter.  On 
the  addition  of  a  few  drops  of  solution  of  zinc  chloride  to  the  fluid, 
the  latter  assumes  a  rose-red  colouration  and  a  green  fluorescence, 
the  absorption  band  becoming  more  deeply  marked.  To  this  body 
Maly  ^  has  ascribed  the  formula  CgjH^oN^Oy ;  but,  as  Heynsius  has 
remarked,  very  little  importance  can  be  attached  to  such  a  formula 
obtained  by  the  analysis  of  a  probably  impure  product. 

Hydrobiliruhin  is  believed  to  be  identical  with  a  colouring 
matter  found  in  the  alcoholic  extract  of  intestinal  contents  by 
Vanlair  and  Masius,^  and  called  by  them  Sterco-bilin  ;  and  it  is 
looked  upon  generally  as  identical  with  the  body  to  be  afterwards 

'  Eicliard  Maly  (1)  '  KUnstliclie  Umwandhing  von  Bilirubin  in  Harnfarbstoff,'  Central- 
hlatt  f.d.med.  Wissensch/tft,  187J,  No.  54;  (2)  '  Umwandlung  von  Bilirubin  in  Ilarn- 
farljstoft','  Annul,  d.  Chem.        pj).  77-95. 

2  Vanlair  and  Masius,  Centralblatt f.  d.med.  Wissenschaft,  1871,  No.  24. 
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referred  to  as  Urobilin,  which  was  discovered  by  Jaffa  as  a  frequent 
constituent  of  the  urine.'  From  the  researches  of  Hoppe-Seyler 
it  would  appear  that  a  body  which  he  obtained  by  reducing  an 
alcoholic  solution  of  hsematin  by  means  of  tin  and  hydrochloric 
acid,  or  by  the  action  of  these  reagents  on  haemoglobin,  is  identical 
with  hydrobilirubin. 

c.  Colouring  matters  of  the  urine. 
These  aj)pear  to  be  three  in  number,  viz.  : 

1.  Urochrome. — This  is,  according  to  Thudichum,  the  normal 
colouring  matter,  in  virtue  of  which  urine  possesses  its  peculiar 
amber  colour.  In  order  to  obtain  it,  '  fresh  urine  is  treated  with 
excess  of  milk  of  lime  or  baryta,  and  allowed  to  stand  or  filtered. 
To  the  filtrate  lead  acetate,  with  a  little  ammonia,  is  added  till 
colourless,  and  the  precipitate  well  washed  and  digested  with  cold 
dilute  sulphuric  acid  till  a  filtered  sample  shows  an  excess  of  sul- 
phuric acid  when  treated  with  barium  chloride  and  hydrochloric 
acid.  At  this  point  filter  the  whole,  shake  the  filtrate  with  barium 
carbonate  to  remove  the  sulphuric  acid,  add  a  little  baryta  water, 
pass  carbonic  acid  through  the  liquid,  and  filter  again.  Precipitate 
the  solution  with  mercuric  acetate,  wash  the  precipitate  of  uro- 
chrome mercury  very  thoroughly  with  cold  and  hot  water,  decom- 
pose it  by  sulphuretted  hydrogen,  filter,  shake  the  filtrate  with  a 
little  pure  silver  oxide  to  remove  hydrochloric  or  kryptophanic 
acid,  filter;  again  decompose  by  sulphuretted  hydrogen,  and 
evaporate  the  filtrate  to  dryness  in  vacuo  over  sulphuric  acid.  A 
yellow  uncrystallizable  mass  of  urochrome  remains.'  ^ 

Urochrome  is  said  to  be  easily  soluble  in  water,  colouring  it 
yellow,  and  very  little  soluble  in  alcohol ;  its  aqueous  solution 
becomes  red  on  standing,  depositing  resinous  flakes. 

2.  Indican  C52Hg2N2034. — Normal  urine  appears  to  contain  as 
a  constant  constituent  small  quantities  of  indican.  This  body  is 
a  glucoside  which,  when  boiled  with  acids  or  subjected  to  certain 
fermentation  processes,  splits  up  into  a  peculiar  sugar  (indoglucin) 
CgHigOg,  and  into  indigotin  or  indigo-blue  CigHjolSTjOg ;  thus — 

Indican  Indigo-blne  Indogluciu 

Indican  can  be  obtained  in  a  somewhat  impure  condition  from 
urine  by  precipitating  the  fluid  with  lead  acetate  and  adding 
ammonia  to  the  filtrate.  The  precipitate  thrown  down  by  ammonia 
is  suspended  in  alcohol,  decomposed  by  sulphuretted  hydrogen, 

1  Jaffe,  Virchow's  Archiv,  Bd.  47,  405  ;  Cenlralblatt  f.  d.  med.  Wisseiischaft,  1871, 

'^^""z'^lioppe-Seyler,  'Einfache  Darstellung  von  HarnsfarbstofF  (HydrobUirubin)  aus  Blut- 
farbstoff,'  Bericht  d.  D.  Chem.  Gescllschaft,  1065-1066. 
3  Thudichum,  Chemical  Physiology,  pp.  186,  187. 
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and  the  alcoholic  solution  separated  from  the  precipitated  lead 
sulphide  yields,  on  evaporation,  a  yellow  syrupy  fluid  containing- 
impure  indican. 

Indican  is  recognized  as  a  constituent  of  urine  chiefly  by  the 
fact  that  when  this  fluid  is  allowed  to  decompose  indigo-blue  is 
frequently  observed  to  be  deposited,  and  also  by  the  production  of 
indigo-blue  when  urine  is  boiled  with  hydrochloric  acid. 

It  has  been  observed  that  the  subcutaneous  injection  of  indol, 
CjgHj^Ng,  leads  to  the  excretion  of  indican  ;  and  the  same  result 
follows  the  injection  of  salicylic  acid. 

3.  Urobilin. —  This  body,  which  appears  to  be  identical  with 
hydrobilirubin,  is  not  a  constant  constituent,  but  has  been  fre- 
quently observed  in  the  urine  in  fevers. 

d.  Melanin  and  allied  pigments, 

AmoDgst  the  more  sparingly  diffused  and  least  known  of  the 
colouring  matters  of  the  body  are  certain  brown  and  black  pig- 
ments which  occur  in  the  cells  of  the  choroid,  in  those  of  the 
rete  malpighii  of  the  skin — especially  of  the  dark  races — in  the 
bronchial  glands,  and  in  some  morbid  growths.  These  black  and 
brown  pigments  all  contain  C,  H,  0,  N,  but  in  no  constant  pro- 
portions ;  they  are  insoluble  in  water,  alcohol,  and  ether,  but  are 
in  part  dissolved  by  boiling  in  solutions  of  the  caustic  alkalies. 

These  bodies  are  probably  related  to  hsematin,  though  no  cer- 
tain information  is  possessed  on  this  matter. 


6.  BODIES  OF  UNKNOWN  CONSTITUTION. 

A.  The  Proteids. 

The  bodies  included  in  this  category  are  highly  complex  non- 
crystallisable  compounds  of  carbon,  hydrogen,  oxygen,  nitrogen 
and  sulphur,  occurring  in  a  solid  viscous  condition,  or  in  solution 
in  nearly  all  the  solids  and  fluids  of  the  organism.  The  different 
members  of  this  group  present  differences  in  physical  and,  to  a 
certain  extent,  even  in  chemical  properties ;  they  all  possess,  how- 
ever, certain  common  chemical  reactions,  and  are  united  by  a  close 
genetic  relationship. 

The  proteids  of  the  animal  body  are  all  derived,  directly  or 
indirectly,  from  vegetable  organisms,  which  possess  the  power  of 
constructing  them  from  the  comparatively  simple  substances 
which  form  their  food.  Such  a  synthesis  never  takes  place  in  the 
animal  body,  though  the  latter  possesses  the  power  of  converting 
any  vegetable  or  animal  proteid  into  the  various  proteids  which 
are  characteristic  of  its  solids  and  liquids. 
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All  tlie  proteid  substances  which  enter  the  animal  body  are,  by 
the  influence  of  certain  ferments  contained  in  the  alimentary 
juices,  converted  into  closely  allied  substances  called  peptones,  the 
change  being  in  all  probability  one  which  depends  on  the  com- 
bination of  the  original  proteid  substances  with  the  elements  of 
water,  so  that  these  bodies  probably  stand  to  the  peptones  in  the 
relation  of  anhydrides. 

From  tlie  researches  of  Plosz  ('  Ueher  Peptone  und  Ernahrung  mit  densel- 
ben/'  Pfliiger's  ArcJiiv,  IX.  323-329),  and  of  Richard  Maly '('Ueher  die 
Zusamuiensetzung  und  physiologische  Bedeutxuig  der  Peptone,'  Pfliiger's 
Archiv,  IX.  585-619),  it  has  been  ascertained  that  the  proteid  matter  required 
hy  the  animal  body  may  be  supplied  to  it  in  the  form  of  peptones  ;  from  which 
it  results  that  the  organism  possesses  the  power  of  converting  those  bodies  into 
the  proteid  substances  which  enter  into  the  composition  of  the  tissues. 

Little  is  known  of  the  ultimate  end  of  the  albuminous  bodies 
in  the  organism.  It  would  appear  as  if  the  so-called  albuminoid 
bodies  were  their  closest  derivatives.  In  their  more  thorough 
decomposition  in  the  organism,  tbe  nitrogen  probably  passes  into 
amido- compounds,  of  which  the  most  completely  oxidised,  as  urea, 
are  excreted.  It  is,  however,  very  probable  from  their  composition, 
that  fats,  glycogen,  and  sugars  take  their  origin,  to  a  certain  ex- 
tent, in  the  albuminous  bodies,  and  in  support  of  this  view  there 
are  weighty  physiological  facts.  Conversely,  it  appears  that  syn- 
thetic processes  of  a  higher  order  occur  in  the  organism,  whereby 
albuminous  bodies  form  still  more  complex  compounds  (see  below, 
p.  55). 

Fercmtage  Compodtion  of  the  Proteids. — The  various  bodies  belonging  to  the 
class  of  proteids  contain  their  constituent  elements  in  proportions  which  are 
limited  by  the  following  numbers : — 

Carbon   52-7    .    54-5  per  cent. 


6-9  .  7-3  „ 

15-4  .  16-5  „ 

20-9  .  23-5  „ 

0-8  .  1-6 


Hydrogen 
Nitrogen 
Oxygen 
Sulphur 

All  proteids,  except  peptones,  are  characteristically  colloid,  i.e., 
their  solutions  possess  very  slight  power  of  di{fusing  thi-ough 
animal  or  vegetable  membranes. 

The  solutions  of  all  proteids  deviate  the  plane  of  polarised 
light  to  the  left.  The  power  of  deviation  exercised  by  the  same 
weight  of  the  various  proteids  when  in  solution  in  the  same 
volume  of  water  {specific  rotation)  varies  for  each. 

From  their  solutions  the  proteids  are  precipitated  under  circum- 
stances which  vary  somewhat  in  the  case  of  eacli ;  sometimes  the 
body  which  has  been  precipitated  is  incapable  of  re-solution,  and 
must  be  looked  upon  as  a  product  of  chemical  change  ;  at  other 
times  it  can  be  re-dissolved.  The  precipitation  of  soluble  proteids 
occurs  under  the  influences  of  heat,  acids,  and  mineral  salts, 
and  various  organic  bodies  such  as  alcohol,  tannic  acid,  &c. 
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When  obtained  in  a  solid  form  by  tbe  precipitation  of  their  solu- 
tions, by  any  of  the  means  above  referred  to,  proteids  present  at 
first  the  appearance  of  white  flocculent  matter,  heavier  than  water 
destitute  of  crystalline  structure. 

When  solutions  of  the  proteids  are  dried  at  a  gentle  heat,  so 
as  to  drive  off  the  water  in  which  they  are  dissolved,  or  with  which 
they  are  combined,  they  appear  as  translucent  and  perfectly 
amorphous  solids,  which  break  with  a  vitreous  fracture,  and 
furnish,  when  triturated,  a  yellowish -white  or  white  powder. 

General  Chemical  Reactions  of  the  Proteids. — The  proteids 
are  all  soluble  in  solutions  of  the  caustic  alkalies ;  the  solution  then 
contains  compounds  of  the  proteids  with  the  alkali-metals,  termed 
alkaline  albuminates ;  these  are  decomposed  when  neutralised  by 
means  of  an  acid,  the  albuminous  substance  being  then  precipi- 
tated in  a  more  or  less  changed  condition. 

Acetic  acid,  when  concentrated,  and  with  the  aid  of  heat,  dis- 
solves all  the  proteids;  the  subsequent  addition  of  a  solution  of 
potassium  ferrocyanide  induces  a  precipitate. 

Solutions  of  proteids  are  precipitated  when  treated  with  acetic 
acid  and  an  excess  of  a  concentrated  solution  of  a  neutral  salt  such 
as  sodium  or  magnesium  sulphate. 

When  a  solution  of  the  proteids,  or  the  bodies  themselves  in  a 
solid  state,  are  heated  with  a  solution  of  mercuric  nitrate,  contain- 
ing an  excess  of  nitric  acid,  in  the  former  case  a  precipitate  first  falls, 
wMch,  on  the  application  of  heat,  becomes  of  a  purple-red  colour ; 
in  the  latter  the  solid  albuminous  body  acquires  at  first  an  opaque 
white  and  then  a  purple-red  colour.  This  is  known  as  '  Millon's 
reaction :'  it  is  also  exhibited  by  gelatin  and  some  other  allied 
bodies  which  do  not  belong  to  the  proteids  proper. 

When  boiled  with  strong  nitric  acid,  all  the  albuminous  sub- 
stances ultimately  furnish  a  yellow  solution,  which,  when  treated 
with  an  excess  of  alkalies,  becomes  of  a  red  amber  colour ;  this  is 
known  as  the  xanthoproteic  reaction. 

Iodine  colours  the  solid  proteids  of  an  intense  brownish-yellow 
colour  ;  the  reaction  is  one  which  is  easily  seen  by  the  aid  of  the 
microscope. 

When  subjected  to  the  action  of  certain  of  the  alimentary 
juices  (gastric  and  pancreatic  juices),  the  proteids  are  converted 
into  bodies  called  peptones,  which  do  not  differ  perceptibly  in 
chemical  composition  from  the  proteids  from  which  they  are 
derived,  but  which  possess  marked  differences  in  properties ;  the 
peptones,  as  has  been  already  said,  are  readily  reconverted  into 
proteids  in  the  various  tissues  and  organs  of  the  body. 

Decomposition  of  the  Proteids. — 1.  Action  of  Water. — When  heated  with 
water  in  sealed  tubes,  at  a  temperature  of  100°  0.,  the  proteids  are  sooner  or 
later  dissolved,  and  then  decomposed,  peptone-like  bodies  being  at  first  formed, 
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and  afterwards  a  number  of  complex  bodies,  of  which  some  are  soluble  in  alcoho'I 
and  ether  (A.  Gautier). 

2.  Action  of  Heat. — When  subjected  to  dry  distillation,  the  proteids  furnish 
an  oily  fluid,  long  known  as  Dippel's  oil,  wliich  contains  (1)  ammoniacal  salts 
of  the  fatty  acids,  as  ammonium  butyrate,  valerate  and  caproate  ;  (2)  amines, 
derived  from  the  monatomic  alcohols,  viz.  methylamine,  propylamine,  butyl- 
amine,  &c. ;  (3)  bodies  belonging  to  the  aromatic  group,  as  aniline,  and  picoline 
and  lutidine  ;  phenol,  benzol  and  its  homologues. 

3.  Action  of  Oxidizing  Agents. — When  oxidized  by  means  of  manganese 
dioxide  and  sulphuric  acid  or  potassium  bichromate  and  sulphuric  acid,  the  pro- 
teids furnish  bodies  belonging  to  the  aromatic  and  fatty  groups.  Amongst 
others  the  following : — 

Acetic  aldehyde,  hydrocyanic  acid,  benzoic  aldehyde,  propionic  aldehyde, 
propyl  cyanide,  benzoic  acid,  valeriamic  aldehyde,  butyl  cyanide,  acetic  acid, 
propionic  acid,  valerianic  acid. 

When  oxidised  by  means  of  chlorine  the  proteids  yield,  amongst  other  pro- 
ducts, fumaric  acid,  oxalic  acid,  and  chlorazol — 


4.  Action  of  Stronff  Mineral  Acids. — Prolonged  boiling  with  sulphmic  and 
hydrochloric  acids  decomposes  the  proteids,  and  amongst  the  products  are  found 
glycocol,  or  amido-acetic  acid,  02H2(NH2)O.OII ;  leucine,  or  amido-isocaproic 
acid,  OgHii(Nri2)02  ;  and  tyrosine,  or  oxj'pheuylamidopropionic  acid. 


The  last  two  of  these  bodies  can  be  produced  by  the  lengthened  action  of 
trypsin  upon  certain  of  the  albuminous  bodies. 

When  oxidised  by  nitric  acid,  the  proteids  yield  first  a  yellow  insoluble  body 
(xanthoproteic  acid),  which  dissolves  on  further  action,  paroxybenzoic  and 
oxybenzoic  acids  (O7II5O3)  being  ultimately  formed. 

5.  Action  of  Strong  Caustic  Alkalies. — When  fused  with  potassium  _  or 
sodium  hydrate,  the  proteids  yield  picoline  and  pyridine,  leucine  and  tyrosine, 
and  salts  of  the  fatty  acids. 

ClassifiGation  of  the  Proteids— The  proteids  which  are  met 
with  in  the  animal  body,  although  possessed  of  certain  characters 
common  to  the  whole,  may  be  divided  into  distinct  groups,  accord- 
ing to  their  solubility  in  water,  their  coagulability  by  heat,  their 
solubility  in  solutions  of  sodium-chloride  of  various  strengths,  and 
their  precipitation  by  acids. 

I.  Albumens. — Proteids  which  are  soluble  in  water  and  in  very 
dilute  acids,  which  are  not  precipitated  by  addition  of  common 
salt  in  any  quantity  to  their  solutions,  and  which  are  precipitated 
from  their  solutions  when  these  are  heated  to  temperatures  between 
60° — 70°  C.    The  two  varieties  of  albumens  well  known  are : 

a.  Serum-albumin.  The  special  characters  by  which  it  is 
distinguished  from  b.  are,  (1)  its  not  being  coagulated  when  it  is 
shaken  with  etiier,  and  (2)  its  specific  rotatory  power,  whicli  for 
Frauenhofer's  line  D=  —  56°. 

b.  Egg-albumin,  which  is  precipitated  by  ether,  and  which 
has  a  specific  rotatory  power  =  —  35°*5. 


Fumaric  acid  . 
Oxalic  acid 
Chlorazol 
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II.  Globulins  exist  in  certain  fluids  of  the  body  in  a  state  of 
solution ;  are  precipitated  from  their  diluted  solutions  by  COj ; 
are  coagulated  by  heat ;  they  are  not  soluble  in  pure  water,  but 
are  soluble  in  dilute  solutions  of  common  salt,  from  which  they  are 
precipitated  when  salt  is  added  to  saturation. 

The  following  bodies  belong  to  the  group  of  globulins  : — 

(1)  Globulin  projoer. — This  substance  is  the  chief  proteid 
•constituent  of  the  crystalline  lens.  It  possesses  all  the  chemical 
reactions  of  (2)  and  (3),  but  differs  from  these  in  not  being 
coagulated  when  its  solution  is  mixed  with  either  of  them. 

(2)  Fibrinogen  or  metaglobulin  occurs,  together  with  3,  in 
the  plasma  of  the  blood,  in  chyle,  and  in  serous  transudations. 
Its  characteristic  reaction  is  that  it  is  precipitated  by  the  addition 
of  solution  of  hbrinoplastic  substance,  under  suitable  conditions, 
fibrin  being  formed. 

(3)  FibHnoplastic  substance,  or  Paraglobulin. — In  addition 
to  the  chemical  reactions  of  the  globulins,  this  body  possesses  the 
■characteristic  property  of  being  precipitated  by  the  addition  of 
solutions  of  fibrinogen,  fibrin  being  formed. 

(4)  Myosin.  —  The  juice  of  flesh  contains  a  body  which 
possesses,  when  in  solution,  the  reactions  of  the  globulins.  The 
characteristic  of  this  substance  is  its  spontaneous  coagulation,  when 
the  muscle  dies,  and  becomes  acid  (see  '  Chemical  constituents  of 
Muscle '). 

(5)  Vitellin,  the  chief  albuminous  constituent  of  the  yolk  of 
egg.  Soluble  m  10  per  cent,  solution  of  NaCl,  from  which  it  is 
precipitated  on  addition  of  water  (see  p.  55). 

III.  Fibrin.— An  insoluble  proteid,  not  existing  in  the  living 
body,  but  resulting  from  the  union  of  fibrinogen  and  fibrino-plastic 
substances,  under  suitable  circumstances.  Is  insoluble  in  water 
and  in  dilute  acids. 

IV.  Albuminates. — Substances  produced  by  the  action  of 
alkalies  upon  solutions  of  the  proteids.  Not  soluble  in  solutions  of 
■common  salt.  Their  solutions  are  precipitated  when  neutralised 
with  acids.  The  precipitation  does  not  take  place  in  the  presence 
of  alkaline  phosphates. 

To  this  group  belong  the  so-called  alkaline  albuminates  and 
■casein. 

V.  Syntonin,  oe  Acid-albumin. — Produced  by  the  action  of 
dilute  acid  upon  the  various  proteids.  Solution  is  not  precipitated 
by  heat.  When  an  acid  solution  of  syntonin  is  exactly  neutralised, 
the  substance  is  precipitated.  Syntonin  is  insoluble  in  water  and 
solutions  of  common  salt.  It  is  soluble  in  weak  solutions  of  the 
caustic  alkalies  ;  from  this  solution  syntonin  can  be  precipitated 
in  an  insoluble  form  by  adding  magnesium  sulphate,  and  boiling. 
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VI.  Peptones. — Under  this  group  are  included  bodies  which  are 
produced  when  the  various  proteids  are  subjected  to  the  action  of 
certain  hydrolytic  ferments  contained  in  the  gastric  and  pancreatic 
juices,  as  well  as  when  they  are  subjected  to  other  hydrolytic 
influences. 

Peptones  are  very  soluble  proteid  bodies,  which  possess  to  a 
remarkable  degree  the  power  of  diffusing  through  animal  mem- 
branes. They  are  not  precipitated  from  their  solutions  by  the 
mineral  acids,  nor  by  the  great  majority  of  the  mineral  salts  which 
precipitate  other  soluble  proteids. 

They  are  precipitated,  however,  by  a  large  excess  of  alcohol 
and  by  tannic  acid. 

When  solutions  of  the  peptones  are  treated  with  small  quan- 
tities of  solution  of  copper  sulphate,  and  then  an  excess  of  solution 
of  sodium  hydrate  is  added,  a  beautiful  pink  colour  is  produced. 

In  tlie  case  of  fibrin  and  fibrin-peptone,  Maly  lias  detennined  that  there  is 
no  difference  in  chemical  composition  to  be  discovered  by  elementary  analysis 
(Maly,  '  Ueber  die  chemische  Zusammensetzmig  und  physiologische  Bedeutung 
der  Peptone,'  Pfluger's  Archiv,  IX.  585-619). 

Though  apparently  identical  in  most  of  their  characters,  t.he 
products  of  the  action  of  ferments  upon  the  proteids  appear  to  be 
various.  Thus  the  complex  proteid  molecule  appears,  according- 
to  the  researches  of  Kiihne,  to  give  rise,  under  the  influence  of  the 
gastric  and  pancreatic  ferments,  to  bodies  whj^h,  though  on 
superficial  examination  appearing  identical,  are  in  reality  dis- 
tinct. These  bodies  belong  to  two  classes ;  those  belonging  to  the 
first,  or  anti-peptone  class,  are  not  capable  of  undergoing  further 
change  under  hydrolytic  influences ;  those  belonging  to  the  second, 
or  hemi-peptone  class,  ultimately  give  rise,  under  favourable  cir- 
cumstances, to  leucine  and  tyrosine  (  Verhandlungen  cles  naturhist. 
med.  Vereins  zu  Heidelberg,  1876).  For  further  information  re- 
lating to  this  subject  the  reader  is  referred  to  Chapter  III. 

B.  The  Albuminoid  Bodies. 

These  substances,  which  occur  as  important  constituents  of 
many  tissues,  and  appi'oach  the  albuminous  bodies  in  composition 
(although  some  of  them  contain  no  sulphur),  are  looked  upon  as 
their  nearest  derivatives,  though  we  do  not  know  by  what  processes 
they  arise  from  them. 

They  differ  from  one  another  much  more  than  the  albuminous 
bodies,  and,  if  we  except  their  colloidal  character,  i.e.  their 
inability  to  crystallize  and  to  form  true  solutions,  they  possess  no 
common  character.  Under  hydrolytic  influences  they  furnish  tlie 
same  products  as  the  albuminous  bodies,  viz.  leucine  and  tyrosine, 
in  large  quantities.    One  of  these  bodies,  chondrin,  which  is  said 
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to  yield  grape  sugar  when  it  is  boiled  with  dilute  sulphuric  acid, 
is  probably  a  glucoside,  and  should  therefore  be  separated  from  the 
other  substances. 

The  most  important  albuminoid  bodies  are — 

a.  Mucin  (C  52-2,  H  7-0,  1^12.6,  0  28-2  per  cent.)  forms  a 
viscid  fluid  with  water  (mucus),  which  is  precipitated  by  a  little 
acetic  acid,  and  by  excess  of  alcohol.  It  occurs  in  mucous  secre- 
tions, and  in  gelatinous  connective  tissue  (Wharton's  jelly,  &c.) 
Besides  leucine,  it  yields  much  tyrosine. 

h.  Glutin,  gelatin  (C  50-4,  H  6-8,  N"  18-3,  S  +  0  24-5)  is  ex- 
tracted from  nearly  all  the  connective  tissues  (bones,  ligaments, 
skin)  by  boiling  them  with  water.  Grelatin  swells  in  cold  water  ; 
by  boiling,  a  solution  is  obtained  which  again  gelatinizes  on  cool- 
ing. On  prolonged  boiling  it  splits  up  into  a  non-gelatinizing 
peptone,  which  also  is  a  product  of  digestion.  Hydrolytic 
treatment  furnishes  leucine,  glycosine,  and  ammonia,  but  no 
tyrosine. 

c.  Sericin,  or  silk-gelatine  (pi^i^fi^  ?)  is  a  constituent  of  silk. 

d.  Keratin  (C  50-3-52-5,  H  6-4— 7-0,  N  16-2— 17-7,  S  0-7 
— 5-0,  0  20*7 — 25*0  per  cent.)  is  the  residue  left  when  the  so- 
called  horny  tissues  have  been  treated  with  ether,  alcohol,  water 
and  acids :  it  is  a  substance  only  soluble  in  hot  alkalies,  and 
which  swells  up  in  cold  alkalies.  It  yields  10  per  cent,  of  leucine, 
and  3*6  per  cent,  of  tyrosine. 

e.  Elastin  (C  55-5,  H  7-4,  N  16-7,  0  20-5  per  cent.)  is  the  re- 
sidue left  after  the  removal  of  all  soluble  matters  from  connective 
tissue  ;  it  is  the  characteristic  substance  of  all  elastic  tissues.  It 
is  insoluble  in  all  agents  which  do  not  decompose  it. 

It  yields  much  leucine  (36 — 45  per  cent.),  but  little  tyrosine 
(i  per  cent.) 

/.  Fibroin  (0  48-6,  II  6-5,  N  17-3,  0  27-6  per  cent.)  is  tlie  cMef  constituent 
of  silk,  and  is  soluble  in  concentrated  acids  and  alkalies. 

C.  Bodies  more  Complex  than  the  Proteids. 

We  can  only  certainly  assume  the  existence  of  bodies  of  this 
class  from  the  fact  that  when  decomposed  they  yield,  amongst 
other  products,  proteids.    To  this  group  belong 

1.  Ecemoglobin,  the  red  crystalline  colouring  matter  of  the 
blood  corpuscles,  which  is  likewise  contained  in  small  quantities  in 
serum  and  in  the  muscles.  Its  properties  will  be  described  in  the 
chapter  on  Blood  (pp.  61  and  70). 

When  haemoglobin  is  decomposed  by  acids  or  alkalies,  it  splits 
up  into  a  red  iron-containing  body  called  hasmatin,  and  a  proteid 
substance. 

2.  Vitellin  is  an  albuminous  substance  which  is  separated  from 
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yolk  of  egg  by  a  10  per  cent,  solution  of  sodium  chloride,  and  which 
is  precipitated  from  the  salt  solution  on  the  addition  of  water. 

As,  when  coagulated,  vitellin  yields  a  proteid  substance  and 
lecithin,  it  is  looked  upon  as  probably  being  a  complex  body  of 
which  these  are  products  of  decomposition.  There  are  no  grounds 
for  arriving  at  a  certain  opinion  on  this  matter. 

3.  Ichthin  (obtained  from  the  ova  of  the  sturgeon),  Ichthidin  (obtained  from 
carp's  eggs),  and  Emidine  (obtained  from  the  eggs  of  the  tortoise),  appear  to  be 
similarly  constituted  to  Vitellin. 

4.  Nuclein. — Probably  connected  more  or  less  remotely  with  the  above  bodies, 
is  the  substance  described  by  Miescher  and  Hoppe-Seyler  as  a  constituent  of 
the  nuclei  of  pus  corpuscles,  and  called  by  him  nuclein  (Miescher,  '  Ueber  die 
chemische  Zusammensetzimg  der  Eiterzellen,'  Med.-chem.  Untermchunyen  von 
Hoppe-Seyler,  Heft  4,  1871,  §  441  ;  Hoppe-Seyler,  '  Ueber  die  chem.  Zusam- 
mensetzimg des  Eiters,'  Ibid.,  §  48G  ef.  seq.) 

Nuclein  is  separated  from  pus  corpuscles  by  extracting  them  with  hot  alcohol 
and  afterwards  digesting  the  undissolved  substances  in  artificial  gastric  juice, 
which  dissolves  the  proteids  and  leaves  the  proper  substance  of  the  nuclei — 
nuclein — imdissolved. 

It  is  soluble  in  weak  solutions  of  sodium  hydrate,  from  which  it  is  precipi- 
tated by  hydrochloric  acid. 

Nuclein  possesses  some  properties  which  resemble  those  of  mucin ;  it  differs 
from  the  latter  substance  m  containing  9-59  per  cent,  of  phosphorus. 

This  very  imperfectly-lmown  body  is  said  to  be  a  constituent  of  yeast 
(Hoppe-Seyler,  op.  cit.)  and  probably  of  the  nuclei  of  the  blood  corpuscles  of 
birds  and  amphibia  (see  Pldsz,  '  Ueber  das  chemische  Verhalten  der  Kerne  der 
Vogel-  und  Schlangenblutkorperchen,'  Hoppe-Seyler's  Med.-chem.  Untersuch- 
ungen,  Heft  4,  §  461). 

With  the  exception  of  the  above,  no  other  bodies  having  a 
more  complex  constitution  than  the  albuminous  have  yet  been 
demonstrated  to  exist.  Nevertheless,  it  appears  in  the  highest 
degree  probable  that  such  a  body  exists  in  the  muscle,  one  of 
whose  products  of  decomposition  is  myosin. 


D.  Glucosides  which  contain  Nitrogen. 

The  following  nitrogenous  glucosides  have  been  discovered  in 
the  human  organism  : — 

1.  Protagon  (C  67-21,  H  11-59,  N2-70,  P  1 -5,  0  17-0  per 
cent.)  This  body  is  probably  the  chief  proximate  phosphorized 
constituent  of  brain  (Liebreich,  Annalen  der  Chcmie  und  Phar- 
macie,  Ed.  94,  1865-6,  pp.  29-34),  and  can  be  obtained  in  a  per- 
fectly crystallized  condition.  It  contains  1-5  per  cent,  of  phos- 
phorus. Under  the  influence  of  hydrolytic  agencies  it  yields  the 
products  of  decomposition  of  lecithin  (neurine,  glycerin-phosphoric 
acid,  and  stearic  acid),  but  in  addition  considerable  quantities  of 
a  Isevo-rotatory  sugar.  According  to  Diakonow  {Centralblatt  f. 
d.  med.  Wissenschaft,  1868,  §  97)  and  Hoppe-Seyler  {Med.-chem. 
Untersuchungen,  Heft  4,  §  487,  'Ueber  die  phosphorhaltigen 
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Substanzen  des  Eiters'),  protagon  is  a  mixture  of  lecitMn  with  a 
glucoside,  Gerebri/n  CjjHggNOg  (?) 

Protagon  is  insoluble  in  water,  but  swells  into  a  viscid  mass ; 
it  is  soluble  in  hot  alcohol,  from  which  it  is  deposited — if  allowed 
to  cool  very  gradually — in  the  form  of  clusters  of  needle-shaped 
crystals. 

2.  Chondrin  (C49-9,  H6-6,  N  14-5,  S  0-4,  0  28-6  per  cent.) 
is  extracted  from  hyaline  cartilage  and  the  covering  of  the  holo- 
thmia  by  boiling  with  water ;  in  its  external  characters  it  resem- 
bles gelatin.  Under  hydrolytic  treatment  it  furnishes  leucine  and 
grape  sugar  (the  latter  fact  is  disputed). 

3.  Chitin,  a  nitrogenous  glucoside,  is  contained  in  the  shell  or 
exoskeleton  of  arthropoda. 

4.  Hyalin  is  a  nitrogenous  glucoside  found  in  the  cysts  of 
echinococci. 

5.  Indican.    This  body  has  already  been  referred  to  (p.  48). 

E.  The  Ferments  of  the  Organism. 

Ferments  are  bodies  which,  by  an  action  which  is  yet  un- 
known, cause  a  decomposition  of  bodies  in  proximity  to  them 
without  being  themselves  consumed.  Certain  ferments  cause  the 
bodies  which  are  decomposed  to  combine  with  the  elements  of 
water,  and  their  action  may  therefore  be  designated  as  hydrolytic. 
The  ferments  of  the  animal  body  are  often  designated  unorganized, 
to  distinguish  them  from  certain  elementary  organisms  which,  pos- 
sessing the  power  of  setting  up  certain  decompositions  (fermenta- 
tions) in  bodies  with  which  they  are  brought  in  contact,  are  termed 
organized  ferments. 

Unorganized  ferments  are  distinguished  from  organized  (a)  by 
the  fact  that  they  may  be  dissolved  in  certain  menstrua,  and  that 
their  solutions  admit  of  being  filtered  without  any  impairment  of 
ferment  action ;  (6)  by  the  fact  that  their  action  is  not  prevented 
or  inhibited  by  many  agents,  such  as  salicylic  acid  (Kiihne),  which 
at  once  arrest  the  action  of  organized  ferments. 

Some,  at  least,  of  the  ferments  of  the  body  seem  to  be  derived 
from,  or  to  originate  in,  other  bodies,  which  may  be  termed  '  zy- 
mogens.' The  latter,  being  formed  in  secreting  organs,  appear 
under  favourable  circumstances  to  furnish  active  ferments  (Heiden- 
hain,  Kiihne). 

The  animal  body  contains  the  following  groups  of  hydrolytic 
ferments : — 

a.  Amylolytic,  OR  SuaAU-FoiiMiNG  Ferments,  which  convert 
starch,  glycogen,  &c.  into  sugar,  with  absorption  of  water ;  these 
ferments  are  present  in  saliva,  pancreatic  juice,  in  the  liver,  and 
many  other  organs. 
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/9.  FAT-DEcoMPOSiNa  P^ERMBNTS,  whicli  cause  fats  to  combine 
with  the  elements  of  water  and  to  decompose  into  fatty  acids  and 
glycerin ;  a  ferment  of  this  class  appears  to  exist  in  the  pancreatic 
juice, 

7.  Proteolytic  Ferments.  These  ferments,  which  exist  in  the 
gastric  juice  (pepsin)  and  in  pancreatic  and  intestinal  juices,  con- 
vert soluble  and  coagulated  albuminous  bodies  into  peptones ;  one 
of  these  ferments  (trypsin)  effects  a  further  decomposition  into 
leucine,  tyrosine,  &c. 

No  other  but  hydrolytic  ferments  have  yet  been  discovered  in 
the  body. 

In  the  foregoing  pages  the  chemical  constituents  of  the  animal 
body  have  been  classified  according  to  their  chemical  affinities. 
Other  methods  of  classification  are  based  on  the  origin  of  these 
substances  in  the  body,  but  they  are  necessarily  unsatisfactory,  in 
consequence  of  the  slight  acquaintance  which  we  possess  with  the 
chemical  processes  of  the  organism. 

The  basis  of  the  most  commonly  adopted  arrangement  is  the 
fact  that  from  the  albuminous  bodies,  the  carbohydrates  and  the 
fats,  which  form  the  chief  organic  food  of  the  body,  all  its  con- 
stituents are  derived.  The  changes  which  each  substance  under- 
goes in  its  conversion  into  a  formed  element  of  the  body  are  in- 
cluded in  the  term  assimilation,  or  '  progressive  metamorphosis ; ' 
whilst  the  further  changes  which  end  in  excretion  are  included  in 
the  term  '  retrograde  metamorphosis.'  Processes  of  oxidation  and 
decomposition  play  the  principal  part  in  bringing  about  the  latter ; 
complicated  breaking  up  into  more  and  more  simple  bodies,  the 
chief  representatives  of  which  are  carbonic  acid,  water,  urea,  sul- 
phuric and  phosphoric  acid. 

The  chemical  processes  which  are  concerned  in  the  so-called 
'  progressive  metamorphosis,'  and  which  lead  to  the  formation  of 
albuminoid  bodies,  of  haemoglobin,  of  protagon,  &c.,  are  altogether 
unknown  to  us,  although  we  may  doubtless  conclude  that  in  their 
production  synthetic  processes  play  some  part. 
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CHAPTEE  I. 

THE  BLOOD  AND  ITS  CIKCULATION. 

The  material  interchanges  which  take  place  between  the  con- 
stituents of  the  body  and  the  external  world,  and  between  these 
constituents  themselves,  occur  through  the  medium  of  a  fluid  which 
is  in  perpetual  contact  with  the  remotest  parts  of  the  body,  as  well 
as  with  those  apparatuses  which  are  to  be  considered  as  the  portals 
by  which  the  body  communicates  with  the  exterior ;  that  fluid  is 
the  blood. 

The  blood  receives  directly  from  the  external  world  oxygen 
and  nutritive  matters,  and  from  it  the  individual  tissues  obtain 
these  substances.  The  latter,  again,  rarely  give  up  their  excre- 
mentitious  products  directly  to  the  external  world,  but  pour  them, 
first  of  all,  into  the  blood,  which  throws  them  out  of  the  body 
at  certain  destined  places.  The  blood,  moreover,  is  continually 
taking  up  substances  which  have  undergone  changes  in  different 
localities,  and  deposits  them,  for  further  use,  elsewhere. 

Every  particle  of  the  body  which  plays  a  part  in  its  chemical 
changes  must  therefore,  repeatedly,  presumably  very  frequently,, 
become  the  constituent  of  a  very  voluminous  fluid  (the  blood),  in 
which  it  mixes  with  innumerable  other  substances. 

It  is  expedient,  in  the  exposition  of  the  chemical  changes  which 
occur  in  the  body,  to  consider  the  blood  as  its  natural  centre,  and 
to  classify  the  various  processes  as  sources  of  expenditiure  or  gain 
to  the  blood,  before  treating  of  the  interchanges  between  the- 
matter  of  the  whole  organism  and  the  external  world. 

1.  THE  BLOOD. 

Human  blood  is  a  red  fluid,  opaque  even  when  in  very  thin 
layers,  and  possessed  of  an  alkaline  reaction.  Its  specific  gravity 
is,  in  health,  about  1055.  It  consists  of  a  yellow  alkaline  liquid 
(liquor,  or  plasma,  sanguinis),  and  small  microscopic  bodies,  the- 
blood  corpuscles,  which  are  suspended  in  the  fluid  in  large 
numbers  (4  to  5*5  millions  in  one  cubic  millimetre  ;  Welcker  i),. 
and  are  in  close  contact  with  one  another.    These  are  mostly  red,. 

1  Welcker,  Frag.  Vierteljalirssclir.  Bd.  iv.  p.  11. 
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but  a  small  number  (1  in  500  or  1  in  300,  Welcker in  the 
splenic  veins,  however,  1  in  70,  Hirt  2)  of  colourless  corpuscles  are 
mixed  with  them. 

To  test  the  alkaline  reaction  of  blood  the  mere  employment  of  litmus  paper 
is  not  sufficient :  either  the  colourless  dilFusate  obtained  l)y  means  of  a  porous 
septum  and  distilled  water  is  tested  (Kiihne),  or  a  drop  of  blood  is  placed  on 
litmus  paper  which  has  been  previously  moistened  with  a  solution  of  common 
salt  (Zuntz).3 

The  determination  of  the  number  of  the  blood  corpuscles  is  best  done  by  the 
rnethod  of  Malassez.'*  Blood  is  diluted  with  100  times  its  volume  of  an  in- 
difterent  fluid  [10  per  cent,  solution  of  sodium  sulphate],  and  introduced  into  a 
very  fine  glass  tube,  the  sides  of  which  have  been  flattened  so  that  its  section  is 
elliptical ;  the  cubic  contents  of  a  unit-length  of  this  tube  being  known,  the 
blood  corpuscles  contained  in  it  are  counted  under  the  microscope  with  the  aid 
of  a  peculiarly  ruled  eye-piece  micrometer. 

Red  Blood  Corpuscles. 

In  man,  the  red  blood  corpuscles  have  the  form  of  circular 
biconcave  discs  ;  their  greatest  diameter  averages  y-^mm.  They 
are  uniformly  coloured  red.  They  are  very  soft,  ductile,  and 
elastic  ;  neither  membrane  nor  nucleus  can  be  detected,  so  that  they 
cannot  be  designated  cells. 

The  blood  corpuscles  of  mammalia,  with  the  exception  of  the  elliptical  ones 
of  the  camel,  are  similar  to  those  of  man ;  in  birds  they  are  elliptical  and  bi- 
convex ;  in  amphibia  elliptical,  flat,  and  very  large  (in  Proteus  the  diameter  is 
actually  j^™")  ;  iu  fishes  they  are  mostly  of  a  rounded  elliptical  form.  In  birds, 
amphibia,  and  tishes,  they  have  nuclei.  In  the  invertebrata  red  blood  coi-puscles 
are  only  present  in  a  few  classes.  Almost  all  invertebrata,  and,  amongst  ver- 
tebrata,  Amphioxus  lanceolatus,  have  colourless  or  yellowish  blood,  with 
colourless  corpuscles  of  various  shapes  ;  a  few,  however,  have  red  blood  with 
colouring  matter  similar  to  that  of  vertebrata. 

The  specific  gravity  of  blood  corpuscles  is  somewhat  greater 
than  that  of  the  plasma;  for  if  not  prevented  (by  coagulation, 
&c.)  they  sink  to  the  bottom  of  blood  which  is  undisturbed. 
When  blood  is  at  rest,  the  red  corpuscles  have  a  tendency  to 
iiggregate  into  piles,  like  rouleaux  of  coins.  The  cause  of  this 
phenomenon  is  unknown. 

The  presence  of  red  corpuscles  is  the  cause  not  only  of  the  red 
colour,  but  also  of  the  opacity  of  the  blood.  By  a  variety  of  means 
the  red  colouring  matter  can  be  extracted  from  the  blood 
corpuscles,  when  it  dissolves  in  the  plasma  and  colours  it  red  ;  tlie 
blood  becomes  in  consequence  transparent  when  examined  in  thin 
layers  ('  lake-coloured,'  Eollett),  but  at  the  same  time,  darker, 
owing  to  the  absence  of  reflection  from  the  concave  red  discs. 
■Conversely,  the  blood  becomes  of  a  brighter  red  when  the  blood 

1  Welcker,  Wien.  med.  Wochenschrift,  1854,  Nr.  8. 

2  Hirt,  Archivf.  Anat.  u.  Phys.  1856,  p.  174. 

5  Zuntz,  Centralblatt  f.  d.  med.  TVissenschaften,  1867,  Nr.  34. 

*  Malassez,  '  De  la  nume'ration  des  globules  rouges  du  sang,'  Comptes  JRendus,  2  d6c. 
1872. 
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corpuscles  are  shrivelled  up  by  the  addition  of  salt,  so  that  the 
reflected  light  becomes  more  concentrated.  The  corpuscles 
in  the  process  of  decolourization  swell  up  from  their  margins 
(Hermann)  and  finally  become  globular;  the  decolourized  and 
very  pale  residue  of  the  corpuscles  is  called  the  stroma 
(Rolletti). 

The  means  of  decolourizing  the  blood  corpuscles,  previously  referred  to,  are 
dilution  of  the  blood  with  water :  alternate  freezing  and  thawing  of  the  blood 
(RoUett)  :  the  transmission  of  electric  shocks  (Rollett)  :  removal  of  the  gases 
of  the  blood :  treatment  with  salts  of  the  bile  acids  (v.  Diisch),  ether  (v. 
Wittich)  chloroform  (Bottcher),  small  quantities  of  alcohol  (Rollett),  or  carbon 
disulphide  (Hermann).  All  these  processes,  except  the  first  named  and  the  re- 
moval of  the  gases  of  the  blood,  not  only  effect  the  decolourization  of  the  cor- 
puscles, but  subsequently  lead  to  the  solution  of  the  stroma  in  the  plasma,  a 
glutinous  nucleus  being  sometimes  left. 

By  the  action  of  boracic  acid  on  the  nucleated  corpuscles  of  amphibia,  a  red 
mass  containing  the  nucleus  is  separated  from  the  residual  colourless  stroma ; 
we  must  therefore  admit  that  the  former  contractile  mass  ('  the  Zooid ')  is  in- 
filtrated in  the  pores  of  the  colourless  stroma  (the  '  Oceoid,'  Briicke) . 

A  similar  deportment  is  observed  in  the  case  of  the  non-nucleated  blood 
corpuscles  of  mammalia  (Roberts,^  Strieker).  Some  consider  these  changes, 
which  are  produced  in  numerous  other  ways,  as  due  to  coagulation  (Rollett). 

The  chemical  constituents  of  the  red  blood  corpuscles  are  : 

1.  A  red  colouring  matter  containing  iron,  called  HEemoglobin 
(syn.  hjBmatoglobulin,  hsematocrystallin),  having  approximately 
the  following  percentage  composition  :  C  54-0,  H  7*25,  N  16"25y 
Fe  0-42,  S  0-63,  0  21-45. 

It  is  slightly  soluble  in  water,  but  much  more  readily  soluble 
in  weak  alkaline  solutions.  It  is  not  known  whether  haemo- 
globin impregnates  the  colourless  residue  of  the  zooid  of  the 
blood  corpuscles,  or  whether  it  exists  in  a  state  of  chemical  com- 
bination with  it. 

Haemoglobin  is  a  coloured  albuminous  compound,  and  is  there- 
fore a  body  of  most  complex  structure.  It  readily  splits  up  into 
an  albuminous  body,  apparently  closely  connected  to  globulin 
(although,  unlike  the  latter,  it  is  not  dissolved  by  oxygen),  and  a 
colouring  matter,  hsematin.  This  decomposition  is  effected  by 
all  agents  capable  of  coagulating  or  precipitating  albumin  (heat, 
alcohol,  mineral  acids),  and,  besides,  by  the  weakest  acids  (even  by 
carbonic  acid  in  the  presence  of  much  water,  and  by  strong 
alkalies.  Different  red-blooded  animals  possess  different  kinds  of 
haemoglobin,  which  have  hitherto  only  been  found  to  differ  in  their 
crystalline  form. 

Crystals  of  haemoglobin,  the  so-called  blood-crystals,  occur  principally  in  the 
form  of  rhombic  prisms  or  tablets ;  rarely,  as  in  the  blood  of  the  gumea-pig,  in 

'  Rollett,  'Vers,  und  Beobacht.  U.  d.  Blut,'  Wien.  Sitzunosber.  M.  ntw.  CI.  Abth.'II., 
Bd.  xlvi.  p.  65.  ■  "  ' 

2  Koberts,  'On  the  Effects  of  Magenta  ami  Tannin  on  the  Blood  Corpuscles'  7' roc, 
lioi/ul  Soc.  18C3,  p.  481. 
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the  form  of  rliombic  tetrahedra.  Tliose  crystals  may  be  obtained  by  destroyiufr 
tlie  blood  corpuscles  (by  means  of  water,  ether,  salts  of  the  bile  acids),  and 
evaporating  or  cooling  the  lake-coloured  fluid  which  results.  Crystals  are  easily 
obtained  from  the  blood  of  dogs,  horses,  guinea-pigs,  and  birds ;  with  difficulty 
or  not  at  all  from  that  of  oxen  and  pigs. 

The  coloured  product  of  the  decomposition  of  hiEmoglobin, 
Haematin  (CggHyoNyFe^Ojo  (?)  Hoppe-Seyler  '),  whicli  does  not  occur 
uncombined  in  the  body,  is  a  crystalline  colouring  matter,  which, 
when  dried,  has  a  bluish-black  colour  and  a  metallic  lustre ;  It  is 
insoluble  in  water  and  alcohol,  but  soluble  without  decomposition 
in  aqueous  or  alcoholic  solutions  of  acids  and  alkalies.  Its  acid 
solutions  are  brown  ;  its  alkaline  solutions  are  dichroic,  appearing 
green  in  thin  and  red  in  thicker  layers. 

Solutions  of  heematin,  when  examined  with  the  spectroscope,  exhibit  an  ab- 
sorption band  in  the  red,  the  position  of  which  is  different  in  acid  and  alkaline 
solutions.  When  treated  with  reducing  agents,  two  new  absorption  bands, 
situated  close  to  each  other  in  the  yellow,  make  their  appearance ;  these  are  not 
to  be  confounded  with  the  two  bauds  of  O-htemoglobin  (see  p.  69).  Hsematin 
crystallizes  fi'om  solutions  in  glacial  acetic  acid  in  the  form  of  rhombic  plates, 
which  in  the  presence  of  chlorides  are  composed  of  hydrochlorate  of  hse matin 
(Hoppe-Seyler  *)  ;  these  so-called  hcemin-crystals  may  serve  for  the  detection  of 
blood  (Teichmann^). 

By  the  action  of  concenti-ated  mineral  acids  iron  is  separated  from  hsematin  ; 
the  resulting  colouring  matter  bears  the  name  of  '  iron-free  hgematin '  (Mulder 
and  van  Goudoever*),  haematoporphyrin  (OggH^^NgOij  (?)  Hoppe-Seyler*),  hse- 
matoin  (Preyer). 

According  to  recent  accounts  (Hoppe-Seyler "),  when  haemoglobin  is  decom- 
posed in  the  absence  of  air,  a  purple  body,  with  four  absorption  bands,  '  haemo- 
chromogen,'  is  formed ;  the  action  of  oxygen  immediately  converts  it  into 
hcematin. 

In  the  organism  haemoglobin  gives  rise  to  coloured  products 
other  than  the  artificial  ones,  as  hgematoidin,  bilirubin,  &c.  (For 
these  consult  Chapter  II.,  under  the  heads  of  Bile,  Urine,  &c.) 
For  the  deportment  of  haemoglobin  towards  gases,  and  for  its 
optical  properties,  see  below. 

2.  An  albuminous  body,  precipitable  by  carbonic  acid,  but 
soluble  on  the  passage  of  air  tlarough  the  fluid,  globulin. 

The  nuclei  of  the  blood  corpuscles  consist  of  a  substance  resembling  mucin 
(Brunton '). 

The  observations  of  Plosz  ^  seem  to  show  that  the  chief  constituent  of  the 
nucleus  is  an  organic  body  containing  phosphorus,  and  probably  identical  with 
the  nuclein  of  Miescher. 

3.  Small  quantities  of  substances  soluble  in  ether  :  fats,  soaps, 

'  lloppe-Seyler,  5e(V7  a(7e  zur  Kenntniss  des  Bhites  u.  s.tv.:  das  Hiimatin,  '  Mcd.-chem. 
UntiM-suclnmg.,'  Heft,  ii.  p.' 52.5. 

2  Hoppe-Seyler,  loc.  cit.   

3  Teichmann,  Zeitxchrift  f>  rat.  Med.  N.  F.  Bd.  iii.  p.  37o  ;  Bd.  vni.  p.  141. 

<  Mulder  und  Vnn  Goudo'ever,  Journ.  f.prakt.  Chem.  1844,  Bd.  xxxii.  p.  186. 
■''  lloppc-Sevler, /(»c.  cj<.  p.  .533. 

«  Hoppe-Seyler,  Med.-chem.  Uiitersurhimgen,  Heft  iv.  p.  540. 
'  Brunton,  Journal  of  Anatomy  and  F/ii/siologt/,  Nov.  1869. 
«  ri()sz,  Mcd.-c/iem,  '(Inters,  von  lloppe-Scyler,  Heft.  iv.  p.  461. 
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cholesterin,  protagon,  and  its  products  of  decomposition  (lecithin, 
glycerin-phosphoric  acid,  &c.) 

4.  Salts,  especially  compoands  of  potassium,  and  of  phosphoric 
acid. 

6.  Water. 

6.  Grases. 

Colourless  Blood  Corpuscles. 

The  colourless  blood  corpuscles  (lymph  corpuscles)  are  globular, 
nucleated  cells,  with  a  somewhat  granular,  mulberry-shaped  sur- 
face ;  they  are  larger  than  the  red  corpuscles,  having  a  diameter 
of  about  y^mm.  They  show  the  greatest  resemblance  to  the 
cells  of  the  lymph,  from  which  they  are  derived.  At  the  tem- 
perature of  the  body  these  cells,  which  are  destitute  of  a  cell  wall, 
exhibit  lively  movements,  throwing  out  processes  and  drawing 
them  in  again,  whereby  they  can  drag  into  their  interior  foreign 
particles ;  these  cells  also  possess  the  power  of  subdividing  (Klein). 
Their  chemical  composition  has  not  yet  been  exactly  determined  ; 
it  is  probably  very  similar  to  that  of  the  red  corpuscles  without 
the  pigment.  There  are  grounds  for  believing  (Chapter  V.)  that 
the  colourless  blood  corpuscles  are  precursors  of  the  red,  as  transi- 
tion forms  between  white  and  red  corpuscles  are  found  in  certain 
situations  (for  example,  in  the  blood  of  the  splenic  veins). 

Blood  Plasma  or  Liquor  Sanguinis. 

For  the  separation  of  the  plasma  of  the  blood  see  below  (under 
*  Death  of  the  Blood ').  Tlie  reaction  of  blood  plasma  is,  like 
that  of  blood  itself,  alkaline.  The  chemical  constituents  of  the 
plasma  are  : 

1 .  Water,  about  90  per  cent. 

2.  Proteids,  viz. : 

a.  Albumin  (precipitated  by  heat). 

/3.  Sodium  albuminate  ('  serumcasein,'  precipitated  by 
acids). 

7.  The  substances  which  form  fibrin  during  coagulation 
of  the  blood. 

The  greater  portion  of  the  albuminoid  substances  consists  of 
albumin ;  altogether  they  form  from  8-10  per  cent,  of  the 
plasma. 

3.  Creatine,  hypoxanthine,  and  urea  :  -also  at  times  hippuric 
and  uric  acids,  in  very  small  quantities. 

4.  Grape  sugar  in  small  quantities,  varying  according  to  the 
situation  (see  Chapter  V.) 

5.  P^ats,  soaps,  fatty  acids,  cholesterin,  lecithin.  The  fat  is 
partly  dissolved  by  the  soaps,  and  partly  exists  as  an  emulsion,  but 
always  in  a  small,  though  varying,  quantity  (0-1 — 0*2  per  cent.) 
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6.  An  odoriferous  principle  peculiar  to  each  kind  of  blood. 

7.  A  yelloiu  'pigment.  (The  serum  also  often  contains  haemo- 
globin, but  this  may  be  only  an  impurity,  caused  by  disintegrated 
blood  corpuscles.) 

8.  Salts,  in  which  salts  of  sodium,  chlorides,  and  carbonates 
preponderate  ;  therefore  more  especially  common  salt  and  car- 
bonate of  sodium. 

9.  Gases. 

With  the  exception  of  the  bodies  included  under  2,  the  above- 
named  constituents  form  also  the  constituents  of  the  serum — that 
is,  of  the  liquid  obtained  after  the  coagulation  of  the  blood  or 
plasma. 

The  Gases  of  the  Blood. 

The  gases  contained  in  blood  are  oxygen,  carbonic  acid,  and 
nitrogen,  which  are  partly  absorbed,  and  partly  in  loose  chemical 
combinations  (Magnus,^  Lothar  Meyer,'^  Ludwig  ^). 


The  following  table  exhibits  the  total  amount  and  tlie  relative  proportion  of 
these  gases  contained  in  100  volumes  of  arterial  blood  of  the  dog  (Pfliiger^). 


Total  gases  .... 
Oxygen     .       .       .  . 
Carbonic  acid  .... 
Nitrogen  ..... 

At  0°  C.  and  0™76  jn-essure. 

At  0°  C.  and  1  met.pressure. 

59 -0  vols. 
22-2  „ 
35-0  „ 
1-8  „ 

44-0  vols. 
16-0  „ 
2G6  „ 
1-4  „ 

The  fundamental  law  of  the  absorption  of  gases  by  liquids  (Henry's, 
Dalton's,  and  Bunseu's  law)  may  be  expressed  as  follows : — The  unit  of  volume 
of  a  liquid  at  a  given  temperature  absorbs  a  definite  volume  of  a  gas  ;  the  latter 
is  designated  the  coejfieient  of  absotjjtion  of  the  liquid  for  the  gas.  The  co- 
efficient of  absorption  decreases  as  the  temperature  increases,  according  to  a  law 
which  varies  for  each  liquid  and  gas ;  at  the  boiling  point  of  the  liquid  the  co- 
efficient of  absorption  is  equal  to  0. 

The  volume  of  gas  taken  up,  therefore  the  absorption  coefficient,  is  inde- 
pendent of  the  pressure,  whilst  the  weight  of  the  gas  taken  up  by  a  fluid  is 
directly  proportional  to  it. 

As  different  gases  existing  in  a  gaseous  mixture  exert  no  pressure  upon  oi:e 
another,  we  must  in  the  preceding  sentence  understand  pressure  to  signify  the 

1  Magnus,  'Ueber  die  im  Blute  enth.altenen  Gase,  Sauerstoff,  Stickstoff  und  Kolilcii- 
siiurc,'  Poggendx^rff^ s  Annalen.  ]8ii7,  p.  ."iS-B. 

2  Lothar  Meyer, '  Die  Gnse  des  Blutes,'  Zdtschrift  f.  rat.  Med.  N.  F.  Bd.  viii.  p.  257.  18.o7. 

3  Ludwig's  contributions  to  our  knowledge  of  the  gases  of  the  blood  h.ave  been  mainly 
published  through  the  medium  of  his  pupils.  The  folloAving  are  the  references  to  at  least 
the  chief  of  the  memoirs  published  by  them  :  Setschenow,  Siizungsher.  d.  Wien.  Ak.  M. 
ntw.  CI.  Bd.  xxxvi.  p.  293  ;  Zeitst-.hr.'f.  rat.  Med.  R.  III.  Bd.  x.  p.  101,  Bd.  xxiii.  p.  IG  : 
SchoefFer,  Siizungsher.  d.  Wien.  Ak.  Bd.  xli.  p.  519  ;  Centralbt.  f.  d.  vied.  JVissensch.  1860, 
p.  657;  Sachs,  Arcli.  f.  Avnt.  n.  Pliys.  1863,  p.  "Ab  ;  Sczclkdw,  ebendas.  1864,  p.  516  : 
Sitzimgshcr.  d.  Wien.  Ak.  Bd.  xlv.  p.  172  ;  Preyer,  ebendas.  Bd.  xlix.  p.  27  ;  Cciitrbl.  f.  d. 
med.  Wisse?isch.  1866,  p.  321,  1867,  p.  273  ;  Holmgren,  Sitziingsher.  d.  Wien.Ak.  Bd.xlviii. 
p.  614  ;  A.  Schmidt,  Ber.  d.  h.  siic/is.  Ges.  d.  Wisscnsch.  M.  ph.  CI.  1867,  p.  30,  u.  99. 

*  PflUgcr,  '  Die  normalcn  Gasmcngen  des  artcriellen  Blutes  nach  vcrbesscrten  Me- 
thoden,'  Centralblatt  fiir  die  med.  IFissenschaften,  October  26,  1868. 
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partial  pressure  of  the  particular  gas.  Thus  water  absorbs  only  as  much  oxygen 
from  the  atmosphere  as  corresponds  to  the  partial  pressure  of  the  oxygen  con- 
tained in  it,  viz.  about  ^fe  =  ISS-- Hg.  .   ^     ,    .  . 

Absorbed  gases  can  therefore  be  expelled  from  a  hquid,  1.  By  placing  it 
in  a  vacuum  which  is  being  continually  renewed.  2.  By  placing  it  in  a  space 
which  is  free  from  the  gas  to  be  expelled,  and  which  is  maintained  free.  3.  By 
raising  the  temperature  of  the  liquid  to  boiling  point. 

Certain  gases  form  chemical  compounds  with  certain  bodies  (in  the  relations 
of  their  equivalents),  which,  however,  undergo  dissociation  when  they  are 
placed  in  a  space  where  the  partial  pressure  of  the  gas  falls  below  a  certain 
limit.  This  minimum  pressure,  which  is  an  essential  condition  to  the  persistence 
of  the  combination,  is,  for  each  special  case,  a  constant,  which,  still,  lilie  the 
coefficient  of  absorption,  decreases  as  the  temperature  increases.  From  these 
loos8  chemical  combinations  the  gas  can,  therefore,  be  driven  as  from  simple 
solutions  (viz.  by  the  vacuum,  by  foreign  gases,  or  by  the  action  of  heat).  _  These 
loose  compounds  of  gases  are  distinguished,  however,  from  simple  solutions,  in 
that  by  increasing  the  partial  pressure  of  the  gas  beyond  a  certain  limit,  the 
quantity  taken  up  by  the  liquid  no  longer  increases. 

There  are  some  bodies  which  form  loose  chemical  compounds  with  gases 
dissolved  in  a  liquid,  so  that  the  solution  may  contain  a  chemical  compoimd 
of  the  gas  as  well  as  a  portion  simply  dissolved.  In  such  a  case  the  weight  of 
the  gas  dissolved  is  partly  proportional  to  the  pressure,  and  partly  independent 
of  it. 

The  quantity  of  gas  by  weight  taken  up  by  a  solution  is  dependent  on  the 
partial  pressure  of  that  gas  outside  the  fluid,  because  each  gas  which  is  dis- 
solved by  a  liquid  possesses,  at  the  surface  of  the  latter,  a  tension,  in  virtue  of 
which  it  tends  to  escape.  If  this  tension  is  equal  to  the  partial  pressure  of  the 
gas  in  the  space  above  the  liquid,  equilibrium  is  established ;  if  it  is  greater  or 
less,  a  passage  of  gas  outwards  or  inwards  occurs,  until  a  condition  of  equi- 
librium is  attained.  In  the  condition  of  equilibrium,  which  is  always 
established  sooner  or  later  (and  which  is  hastened  by  shaking  together  the 
liquid  and  gas),  the  partial  pressure  of  each  gas  in  the  space  surrounding  the 
liquid  expresses  directly  the  tension  of  the  same  gas  in  the  fluid.  If  we  carry 
the  idea  of  tension  into  the  statement  of  the  laws  which  have  teen  previously 
announced,  these  may  be  expressed  as  follows.  1.  In  the  case  of  purely 
physical  absorption,  the  tension  of  a  dissolved  gas  is  («)  dependent  upon  the 
nature  of  the  fliud  and  the  gas,  (6)  proportional  to  the  amount,  by  weight, 
which  has  been  taken  up,  (c)  dependent  upon  the  temperature — with  which  it 
in  general  increases.  2.  If  a  fluid  contain  a  body  which  forms  a  loose  chemical 
compound  with  a  gas,  the  tension  is  not  proportional  to  the  total  quantity  of 
gas  taken  up,  but  only  to  the  excess  above  the  quantity  which  is  required  to 
saturate  the  combining  body  •,  if  the  body,  on  the  other  hand,  is  not  satiuated, 
fresh  absorption  of  the  gas  leads  to  no  increase  of  tension,  but  the  latter  re- 
mains equal  to  the  above-mentioned  minimum  pressure,  which,  however,  varies 
with  the  temperature. 

[Separation  and  Determination  of  the  Gases  of  the  Blood. 

In  order  to  separate,  whether  for  qualitative  or  quantitative  analysis,  the 
gases  contained  in  the  blood,  a  known  volume  of  the  fluid  is  boiled  in  the 
vacuum  obtained  by  means  of  a  mercurial  pump.  In  consequence,  however,  of 
the  consumption  of  oxygen  which  goes  on  in  the  blood  after  its  Avithdrawal  from  * 
the  body,  it  is  necessary,  if  it  be  desired  to  ascertain  the  real  amount  of  its 
gases,  that  these  should  be  separated  either  immediately  after  it  has  left  the 
body,  or  that  the  blood  should  be  preserved  in  ice  until  the  time  when  the 
gases  are  separated. 

The  processes  employed  by  various  physiologists  in  these  researches  difler 
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considerably ;  preference  is  however  (in  the  opinion  of  the  editor),  to  be  triven 
to  the  procedure  emplo^-ed  by  Pfliiger  and  his  school.  ^ 

The  annexed  diii<jram  represents  a  mercurial  pump  accordin'^  to  Pflurrer's 
model  constructed  by  Geissler,  of  Berlin,  and  provided  with  the  appaiftus 
reqiu^-ite  for  the  separation  of  the  gases  of  the  blood.  ^ 


Fig.  1. 


Fig.  1.  Geissler's  Mercuriai.  Pi.'mp  for  the  extractiox  of  the  gases  of  the 
BLOOU. — a,  lilling-globe  couiiccted  by  menus  of  elastic  tubiug  with  the  glass 
tube  upon  which  is  blown  h,  the  barometcr-bulb,  which  has  at  its  upper  part 
the  three-way  stopcock  d;  e  is  a  glass  tube,  which  is  perfectly  ground  into 
a  tube  leading  from  stopcock  d ;  fis  a  mercurial  gauge  ;  ^  is  the  drying 
apparatus,  containing  sulphuric  acid  ;  h  is  the  froth  chamber,  with  two 
large  bulbs  blown  upon  it  ;  i  is  the  bulb  in  which  the  blood  is  boiled. 

Fig.  1  A.  Enlarged  drawing  of  the  Three-way  Stopcock  marked  d  in  Fig.  1. 

— A  is  the  plug  of  the  stopcock  ;  c  is  the  upper  contracted  part  of  the  baro- 
metric chamber ;  u  is  the  tube  into  which  the  gas-deliverv  tube  (e  in  fig. 
1  A  )  fits. 


p,  d,  h,  a,  represent  parts  of  the  pump  proper  ;  h  is  the  barometric  chamber 
of  about  two  litres  capacity,  proA  ided  at  d  with  a  three-way  cock,  wliich  enables 
the  chamber  to  be  shut  off  or  placed  in  communication  either  with  the  cham- 
bers to  be  exhausted,  g,  h,  i,  or  with  tlie  open  air,  or  by  means  of  the  glass 
gas  delivery  tube  c  with  a  mercurial  pneumatic  ti-ough.    a  is  a  bulb  larger  than 
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b,  and  communicating  with  it  "by  means  of  a  stout  caoutchouc  tube  covered  ex- 
ternally with  a  stout  woven  fabiic,  so  as  to  enable  it  to  resist  considerable  in- 
ternal pressure  without  dilating,  a  is  contained  in  a  box  which  may  easily  be 
wound  up  and  down  by  means  of  the  ratchet-wheel  c,  and  the  band  and  pulley 
connected  with  it. 

Mercury  is  poui-ed  into  the  filling-globe  a,  when  the  latter  is  in  its  lowest 
position.  By  winding  a  up  until  its  level  is  above  that  of  h,  and  placing  the 
stopcock  a  in  such  a  position  that  h  communicates  with  the  external  air,  the 
bulb  h  is  nearly  filled  with  mercury.  The  stopcock  d  is  then  turned  so  as  to 
shut  off  b  completely  from  communication  above.  On  now  bringing  a  down  to 
its  initial  position,  viz.,  about  a  metre  below  b,  the  mercury  in  the  latter  sinks 
until  it  stands  at  the  height  of  the  barometer  above  the  mercury  in  the  reservoir 
a.  There  is  then  a  Toricellian  vacuum  in  b.  By  a  suitable  turn  of  the  three- 
way  cock  d,  the  chamber  b  is  now  brought  into  communication  with  the  ap- 
paratus to  be  exhausted.  After  the  gas  contained  in  the  latter  has  diiFused 
iuto  the  chamber,  the  stopcock  d  is  shut,  the  globe  a  is  elevated,  and  by  a  suit- 
able movement  of  the  stopcock  the  imprisoned  gas  is  allowed  to  pass  either  iuto 
the  au-,  or  is  collected  through  e  over  mercury  in  the  pneumatic  trough.  By  re- 
peating several  times  the  series  of  operations  described  the  amount  of  residual 
gas  in  the  apparatus  sinks  to  an  insignificant  amount,  and  without  great  laboiu' 
a  practically  perfect  vacuum  is  obtained. 

The  accessory  apparatus  shown  in  the  drawing  requires  description.  /  is  a 
mercurial  gauge,  g  is  the  drying  chamber,  composed  of  fom-  glass  tubes  com- 
municating below  with  two  small  reservoirs.  The  tubes  are  filled  with  pumice- 
stone,  or  asbestos  saturated  with  sulphuric  acid,  and  the  bulbs  also  contain  some 
of  the  same  acid.  The  drying-chamber  is  in  communication  with  two  large  glass 
bulbs  h,  which  are  intended  to  arrest  the  froth  which  arises  fi-om  the  boiliug 
blood.  To  the  '  froth-chamber '  is  carefidly  attached  a  glass  bulb  i,  into  which 
the  blood  is  placed.  This  bulb  has  at  its  upper  part  a  single-way  stopcock, 
but  below  it  is  provided  with  a  two-way  cock.  The  plug  of  the  stopooclc  is  in 
the  drawing  shown  to  be  prolonged  considerably  beyond  the  socket  into  which 
it  fits.  This  plug  is  perforated  in  its  long  diameter  by  a  canal  which  passes 
through  it  obliquely,  and  is  so  arranged  that  the  fluid  passing  through  the  canal 
may  be  directed  upwards  into  the  '  blood-bulb,'  or  downwards. 

A  vacuiuu  having  been  made  in  the  '  drying-chamber,'  the  '  froth-chamber,' 
and  the  '  blood-bulb,'  the  plug  of  the  lowest  stopcock  of  the  blood-bulb  has 
attached  to  it  a  piece  of  thoroughly  sound  black  elastic  tube,  which  is  connected 
peripherally  with  a  glass  cannula  which  is  tied  into  the  blood-vessel  whence  the 
blood  is  to  be  drawn,  or  preferably  with  one  branch  of  a  three-way  stopcock  of 
a  blood-measuring  tube,  which  is  interposed  between  the  blood-vessel  of  the 
living  animal  and  the  blood-bulb. 

Blood  is  now  allowed  to  flow  through  the  elastic  tube  until  the  latter  is 
filled,  the  plug  being  placed  in  such  a  position  that  the  displaced  air  and  the 
displacing  blood  flow  at  first  not  into  the  blood-bulb  but  outwards.  At  a  given 
moment  the  stopcock  is  turned  so  as  to  open  a  communication  between  the 
blood-bulb  and  the  blood-measuring  tube,  or  the  blood-vessel ;  the  blood  flows 
into  the  vacuous  bulb,  and  immediately  enters  into  ebullition.  As  soon  as 
enough  blood  has  entered,  the  lower  stopcock  is  shut,  and  the  stopcocks  which 
shut  off"  the  upper  part  of  the  blood-bulb  from  the  drying-chamber  and  the  baro- 
metric chamber  of  the  pump,  are  opened.  The  blood-bulb  i  is  now  immersed 
in  a  vessel  containing  water  at  40°  0,  when  the  blood  enters  into  violent  ebulli- 
tion :  if  arterial  in  colour  before  being  introduced  into  the  bulb,  it  assumes 
almost  instantly  tlie  cherry-red  colour  which  is  characteristic  of  reduced  htemo- 
globin  ;  if  the  reddened  walls  of  the  froth-chamber  be  viewed  through  a  spectro- 
scope the  simple  broad  band  of  reduced  hajmoglobin  is  then  seen.  After  a  few 
minutes  tlie  gases  which  have  been  given  off  are  collected  over  mercury  in  a 
tube  filled  with  mercury,  the  vacuum  is  renewed,  and  the  process  of  abullitiou 
continued. 

■B  2 
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The  special  features  of  the  process  described  above,  and  which  renders  it 
preferable  to  others  employed  for  the  same  purpose,  are  (1)  the  blood  may 
readily  be  brought  directly,  without  previous  defibrination,  from  the  blood- 
vessels into  the  apparatus  where  its  gases  are  separated ;  (2)  the  blood  is  at 
once  introduced  into  a  very  large  vacuous  space,  so  that  the  O-pressure  outside 
the  blood  is  always  very  much  below  the  dissociation  tension  of  the  0  of  the 
blood,  and  the  latter  therefore  escapes  very  rapidly  ;  (3)  tlie  A'acuum  is  kept  in 
a  dry  condition  by  the  sulphuric  acid  in  the  drying-chamber  ;  this  appears  to 
have  very  great  influence  in  facilitating  the  escape  of  gases  from  the  blood. 

Having  separated  and  collected  the  total  gases  given  off  by  a  known  volume 
or  weight  of  blood,  these  are  measured  and  analyzed.] 

In  order  to  determine  whether  gases  are  in  a  state  of  simple  solution  or 
of  loose  chemical  combination  in  the  blood,  either  absorption  experiments  must 
be  made  under  different  pressures,  with  blood  which  has  been  freed  from  gases, 
or  determination  of  tension  must  be  made.  The  methods  for  effecting  the 
latter,  which  are  of  special  imi3ortance  in  reference  to  the  chemistry  of  respira- 
tion, will  be  given  in  Chapter  IV. 

1.  Oxygen  gas  is  found  in  arterial  blood,  on  an  average,  in 
the  proportion  of  16*9  volumes  per  cent,  (the  gas  being  calculated 
under  a  pressure  of  1  metre  and  0°  C)  (Pfliiger)'  :  the  amount  of 
oxygen  in  venous  blood  varies  greatly  (Chapter  IV.);  in  venous 
blood  from  muscles  in  a  state  of  rest  the  amount  was  found  to  be 
only  5*96  volumes  per  cent.,  taking  an  average  of  five  determina- 
tions. The  deportment  of  blood,  which  has  had  its  gases  removed, 
towards  oxygen,  shows  that  the  latter  is  not  merely  absorbed  by 
the  blood,  hid  J  or  the  most  part  chemically  combined  luith  it. 
The  amount  (by  weight)  of  the  oxygen  taken  up  by  blood  is 
almost  entirely  independent  of  pressure,  and  does  not  therefore 
follow  Dalton's  law.  But  if  the  blood  corpuscles  are  removed,  and 
simple  blood  plasma  be  taken,  or  (since  the  latter  is  difficult  to 
obtain,  and  immediately  coagulates,  whilst  as  regards  combination 
with  0  the  fibrin-formers  may  be  considered  as  unimportant), 
instead  of  plasma,  plain  serum  (page  64),  be  agitated  with  oxygen, 
the  gas  is  merely  absorbed  (L.  Meyer),  It  follows  from  this  that 
the  oxygen  of  the  blood  is  chemically  combined  with  a  substance 
contained  m  the  blood  corpuscles,  but  is  only  absorbed  by  the 
plasma  or  serum  (that  is,  by  the  water  they  contain,  for  serum 
absorbs  just  so  much  oxygen  as  pure  distilled  water  ^).  This  pro- 
position must  likewise  be  applied  to  the  oxygen  normally  present 
in  the  blood. 

Hsemoglobin  is  the  substance  which  forms  the  loose  chemical 

1  Pfluger, '  Die  normalen  Gasmensre  des  arteriellen  Blutes  nach  verbesserten  Methoden.' 
Centralhlatt  f.  d.  med.  Wissenschaft,  1867,  No.  46. 

2  It  has  been  stated  (Fernet)  that  plain  serum  likewise  taices  up  a  certain  amount  of 
oxygen,  independently  of  pressure  ;  this  result  is  probably  owing  to  the  presence  of  a  slight 
am"ount  of  ha;moglobin  in  the  serum.  Pfliiger  (Archiv,  vol.  i.  p.  73.)  found  100  vols,  of 
dog's  serum  to  contain  the  following  gases  : — 

Oxygen  0-2  vols,  at  0°  C  and  1  metre. 

Free  carbonic  acid     .       .       .  26-8  „  „  „ 

Combined  carbonic  acid  .  .  7*1  „  „  „ 
Nitrogen    ...  •   1"7  ,f         »  » 

35-8  vols. 
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compound  with  oxygen,  and  it  likewise  possesses  the  property  of 
combining-  with  some  other  gases  in  constant  proportions:  l^^- 
of  hsemoglobin  combines  with  1-2  — 1-3  CC  of  0  (measured  at  0° 
C  and  1  metre  pressm-e).  The  compound  which  we  may  desig- 
nate 0- Hsemoglobin  is  crystallizable  and  somewhat  less  soluble 
than  pure  haemoglobin.  Its  solutions  are  of  a  lighter  red  than 
those  of  the  latter ;  they  are  not  dichroic,  whereas  hsemoglobin, 
which  is  free  from  gases,  and  which  we  may  term  reduced  hfemo- 
giobin,  appears  green  when  examined  in  thin  layers.  Solutions  of 
0-Hsemoglobin  exhibit,  when  examined  by  means  of  the  spectro- 
scope, two  absorption  bands  situated  in  the  green  portion  of  the 
spectrum.  Solutions  of  reduced  hsemoglobin,  on  the  other  hand, 
exhibit  a  single,  less  defined  band,  which  occupies  the  interval 
between  the  two  first  bands. 

Fig.  2. 

B  D         E         r  c 


I 
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(1)  Spectnim  of  0-Hoemoglobin,  exhilnting  two  absorption  bands  between 
Frnuenhofer's  lines  d  and  e.  (2)  Spectrum  of  reduce  i  haemoglobin,  showing 
a  single  broader  absorption  band  (the  band  shades  off  more  gradually  than 
is  shown  in  the  woodcut). 

Oxygen  can  be  removed  from  its  combination  with  hsemoglobin 
not  only  by  the  means  formerly  referred  to,  but  also  readily  by 
the  action  of  many  reducing  substances,  as  by  ammonium  sul- 
phide, by  alkaline  solutions  of  ferrous  salts,  by  iron,  by  nitric 
oxide.  The  minimum  pressure  required  for  the  persistence  of  the 
compoimd  of  0  +  Hsemoglobin,  viz.,  the  dissociation  tension  of 
the  oxygen  of  the  blood,  is  dependent  on  the  temperature,  but  its 
absolute  value  is  still  unknown. 

In  addition  to  oxygen,  hsemoglobin  can  also  combine  cbemically  with  car- 
bonic oxide  (L.  Meyer  '  ),  and  with  nitric  oxide  (Hermann  *)  in  the  same  pro- 
portions by  volume,  therefore  in  the  same  equivalent  proportions.  Of  these 
compounds,  that  with  oxygen  is  the  least  stable,  so  that  the  oxygen  may  be 
expelled  from  its  combination  with  hsemoglobin  by  carbonic  oxide,  and  the 
latter,  in  its  turn,  by  nitric  oxide.    Even  the  two  latter  compounds  are  to  be 


1  Lothar  Meyer, '  TJeber  die  Einwirkung  des  Kohlenoxydgas  auf  Blut.'  ZeitscJrift  fur 
rot.  Med.,  1859,  p.  82. 

2  Ludimar  Hermann,  '  Ueber  die  VVirkungen  des  Stickstoffoxydgaa  auf  das  Blut.' 
Mailer's  Archiv,  1865,  p.  469-481. 
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designated  as  unstable,  seeing  that,  according  to  recent  investigation  (Donders," 
Zimtz,-  Podolinsld  they  are  also  capable  of  decomposition  by  physical  means ; 
the  pressure  at  which  they  decompose  is,  however,  much  lower  than  in  the 
case  of  the  oxygen  compound.  These  CO-  and  NO-compounds  are,  like  the 
0-compound,  not  dichroic,  and  they  possess  two  absorption  bands,  which  in 
the  carbonic  oxide  compound  are  somewliat  differently  situated  from  those  in 
the  other  two  analogous  compounds.  When  O-IIjeraoglobin  is  decomposed  by 
means  of  acids,  tlie  oxygen  is  not  liberated  and  cannot  be  pumped  out;  it  must, 
therefore,  enter  into  chemical  combination  with  one  of  the  products  of  decom- 
position (L.  Meyer,  Zmitz,  Strassburg). 

Seeing  that  the  behaviour  of  the  blood  as  a  whole  towards 
oxygen  (carbonic  oxide,  &c.),  as  well  as  its  optical  properties  and 
the  dependence  of  these  upon  the  gas  contained  in  the  blood,  is 
exactly  the  same  as  that  of  a  solution  of  haemoglobin,  and,  further, 
as  blood  when  satm-ated  with  oxygen  takes  up  almost  exactly  as 
much  of  that  gas  as  corresponds  to  the  amount  which  its  haemo- 
globin can  combine  with,  it  follows  that  all  the  loosely  combined 
oxygen  of  the  blood  is  linked  to  haemoglobin. 

[One  gramme  of  htemoglobin  can,  according  to  Preyer's  observations,  combine 
with  1-27  00  of  oxygen  at  0°  0  and  one  metre  pressure.  According  to  Hoppe- 
Seyler  dog's  blood  contains  on  an  average  13-79  per  cent,  of  hajmoglobin.  The 
amoimt  of  oxygen  which  this  amount  of  htemoglobin  would  hold,  if  thoroughly 
satm-ated  with  oxygen,  would  then  be  13-79  x  1-27  =  17-5  00.  Ptiiiger 
actually  found  that  arterial  blood  of  the  dog  contains  on  an  average  16-9  00  of 
oxygen  gas  measured  at  0°  0  and  1  metre  pressure.] 

The  oxygen  of  the  blood  is  given  iip  so  readily  to  oxidizable  substances  that 
it  has  been  thought  to  be  present  in  the  form  of  '  active  oxygen '  or  '  ozone,'  O3. 
The  following  properties  of  blood  appeared  to  favour  this  view.  1.  Both  the 
blood  corpuscles  and  hfemoglobin  are  so-called  '  ozone-transferrers,'  that  is, 
they  possess  the  power  of  immediately  transferring  ozone  from  substances  in 
which  it  is  present  (as  tm-pentine  which  has  been  kept  for  along  time)  to  readily 
oxidizable  substances  (ozone  reagents,  such  as  tincture  of  guaiacum,  which  be- 
comes blue  by  oxidation,  Schoenbein,  His)  ;  for  this  reaction  the  presence  or 
absence  of  oxygen  in  the  blood  is  of  no  importance  (for  instance,  it  may  be 
saturated  with  00).  2.  Blood  and  haemoglobin  can  themselves  ozonize  oxygen, 
so  that  in  presence  of  air  they  can  cause  guaiacum  tincture  to  become  blue 
(A.  Schmidt '')  :  if  the  blood  itself  contains  oxygen,  the  presence  of  air  is  not 
necessary ;  it  is  necessary  if  the  blood  has  been  saturated  with  00  (Kiihne  and 
Scholz  *).  On  the  activity  of  its  oxygen  depends  the  decomposition  of  sul- 
phuretted hydrogen  by  blood. 

[The  facts  stated  above  afford  no  sufficient  ground,  however,  for  believing 
that  the  oxygen  of  blood  exists  in  the  condition  of  ozone.  They  woidd  rather 
seem  to  show  that  oxygen,  like  other  elements,  at  the  moment  of  its  liberation 
from  chemical  combination,  i.e.,  when  in  a  nascent  condition,  possesses  chemical 
activities  which  do  not  belong  to  the  free  gas. 

Pfliiger  has,  indeed,  expressed  the  opinion  that  the  most  striking  of  the 


1  F.  C.  Bonders, '  Der  Chemismus  der  Athmung,  ein  Dissociations-Process.'  Pfiiger's 
Archh,  V,  2(l-5!G. 

2  N.  Zuntz, '  1st  Kolilenoxydhamoglobin  eine  feste  Verbindung  ?  '  Pfliiger' $  Archtv,  v, 
684-588.  „  , 

3  Podolinski, '  Ueber  die  Austreibbarkeit  des  CO  und  NO  aus  dem  Bhite.  Pfluger  s 
Archiv,  \i,  bbS. 

4  Schmidt.  'O^on  im  Blut,'  Dorpat.  1864  ;  drchiv  f.  path.  Anat.    Bd.  xhi,  p.  249. 
s  KUhne  und  Scholz,  Archiv.f.  path.  Anat.    Bd.  xxxiii,  p.  96. 
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ozone-like  properties  of  the  oxygen  of  the  blood,  viz.  the  blueing  of  guaiacum,  is 
necessarily  associated  with  a  decomposition  of  hoemoglobin.] 

2.  Carbonic  acid  is  found  in  arterial  blood  on  an  average  in  the 
proportion  of  about  30  vols,  per  cent. :  venous  blood  from  muscles 
at  rest  yields  about  35  per  cent.  A  portion  of  the  carbonic  acid 
can  only  be  driven  out  by  acids ;  it  is  therefore  in  stable  chemical 
combination.  The  carbonic  acid  removable  by  the  pump  may 
either  be  merely  absorbed,  or  partly  in  very  weak  chemical  com- 
bination. A  weak  chemical  combination  may  take  place  either 
with  1,  the  carbonate  of  sodium  of  the  plasma,  2,  the  phosphate  of 
sodium  of  the  plasma  (Fernet '),  3,  through  as  yet  unknown  com- 
binations in  the  blood  corpuscles  (Pfliiger  and  Zuntz,^  Ludwig  and 
A.  Schmidt  ^).  Since  solutions  which  contain  carbonic  acid,  either 
absorbed  or  in  weak  combinations,  have  an  acid  reaction,  the  fact 
that  blood  has  an  alkaline  reaction  would  appear  opposed  to  the 
view  that  carbonic  acid  is  present  in  other  than  a  stable  com- 
bination (Preyer),  were  it  not  that  blood  still  gives  an  alkaline 
reaction  when  saturated  with  carbonic  acid  (Pfliiger  and  Zuntz). 

Since  the  phosphate  of  sodium  in  blood  ash  is  derived  almost  entirely  from 
burnt  lecithin,  the  second  combination  referred  to  is  probably  only  very  slightly 
operative  (Hoppe-Seyler  and  Sertoli  **).  Since,  moreover,  the  serum  takes  up 
carbonic  acid  independently  of  pressure,  just  like  the  blood  itself,  a  part,  at 
least,  of  the  chemically  combined  carbonic  acid  must  be  in  the  serum  (that  is, 
in  the  plasma),  probably  in  the  form  of  sodium  bi-carbonate  (see  above  No.  1). 
That  a  part  of  the  carbonic  acid  is  combined  in  the  blood  corpuscles  (see 
No.  3)  is  shown  by  the  fact,  that  blood  contains  scarcely  less  carbonic  acid 
than  a  similar  volume  of  serum  (Ludwig  and  Schmidt),  and  moreover  that  the 
absorption  of  carbonic  acid  by  blood  and  by  serum  under  increasing  pressure 
occurs  according  to  different  laws  (Pfliiger  and  Zuntz). 

Carbonate  of  sodium  is  changed  by  the  addition  of  carbonic  acid  into  the  bi- 
carbonate 003Na2  +  00„  +  Hfi  =  2  OOgNaH ;  the  neutral  salt  is  again  formed 
along  with  free  carbonic  acid  by  the  employment  of  the  means  used  to  drive  out 
the  gases.  Neutral  phosphate  of  sodium  takes  up  carbonic  acid  in  a  similar 
manner,  one  equivalent  of  acid  to  two  equivalents  of  salt  (Fernet),  forming  an 
acid  phosphate  and  neutral  carbonate  :  2  PO^Na^H  +  OOj  +  HjO  =  2  PO^NaHg 
H-OOgNaj  (Hermann).  The  means  used  to  diive  off  the  gases  breakup  these 
combinations,  giving  off  00^  and  again  forming  the  neutral  salt. 

3.  Blood  contains  from  1-2  vols,  per  cent,  of  Nitrogen.  A 
small  portion  of  this  gas  also  is  probably  chemically  combined, 
being  most  likely  contained  in  the  blood  corpuscles  (Fernet, 
Setschenow). 

When  heated  (Thiry  *)  or  merely  allowed  to  stand  (Briicke)  the  blood  gives 
off  traces  of  ammonia,  probably  arising  from  the  decomposition  of  some  ani- 
moniacal  salt  contained  in  the  blood  (Kiihne  and  Strauch^)  ;  no  proof  has,  how- 


1  Fernet, '  Du  role  des  principaux  ^e'ments  du  sang  d.ans  I'absorption  ou  le  degage- 
ment  des  gaz  de  la  respiration.'    Ann.  des  Sciences  natuiellcs.    1857  ;  p.  .-^21. 

2  PflUger  u.  Zuntz,  Pf  tiger's  Archiv,  Bd.  i.  p.  361. 

3  Ludwig  u.  A.  Schmidt,  'Arbeiten  nus  d.  Phj-s.  Anstalt  zu  Leipzig.' 18(18,  p.  1-61. 
bertoli, '  Ueber  die  Bindung  der  Kohlenstture  im  Blute  und  ihre  Ausscheidung  in  der 

Lunge.'  Hoppe-Seyler's  Untersnchungen.  Heft  3,  p.  350,  et  seq. 
*  Thiry,  Zeitschriftf.  rat.  Med.  3rd  Series,  vol.  xvii,  p.  166. 
8  KUhne  u.  Strauch,  Centralblatt  f.  d.  vied.  Wissenschnft.    1861,  p.  661  &  577. 
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ever,  yet  been  obtained  of  tlie  presence  of  such  a  salt  in  the  blood  (Briicke). 
The  addition  of  oxygen  favours  the  development  of  ammonia  (Exner). 

Blood  which  has  been  deprived  of  its  gases  is  very  dark  (almost 
lilack),  dichroic,  and,  in  consequence  of  the  destruction  of  the 
blood  corpuscles,  lake-coloured. 


Different  Jdnds  of  Blood. 

The  composition  of  the  blood  is  not  the  same  throughout  the 
whole  body.  The  greatest  difference  is  observed  between  arterial 
blood  (  viz.,  that  which  is  contained  in  the  systemic  arteries,  the 
left  side  of  the  heart,  and  the  pulmonary  veins),  and  venous  blood 
(viz.,  that  of  systemic  veins,  the  right  side  of  the  heart,  and  the 
pulmonary  arteries),  and  consists  principally  in  the  amount  of 
gases  contained,  and  in  the  colour.  Arterial  blood  contains  more 
oxygen  (on  the  other  hand,  less  carbonic  acid)  than  venous, 
and  has  a  brighter  (scarlet)  colour :  it  does  not  display  the  di- 
chroism  of  the  latter.  This  difference  in  colour  is  closely  connected 
with  the  difference  in  the  amount  of  oxygen  ;  for,  on  shaking  up 
dark-coloured  blood  with  oxygen  (or  with  atmospheric  air),  it  be- 
comes bright  red,  and  bright  red  blood  becomes  dark-coloured 
when  shaken  with  other  gases  (except  carbonic  oxide). 

Moreover,  arterial  blood  contains  more  water,  fibrin,  salts,  sugar,  and  ex- 
tractive matter  than  venous,  but  on  thii  other  hand  fewer  blood  corpuscles  and 
less  urea.  Its  temperature  is  on  an  average  1°  C.  lower  (Ohap.  VII.)  The 
changes  effected  by  gases  in  the  colour  of  the  blood  probably  depend,  on  the 
one  hand,  on  an  alteration  in  the  shape  of  the  blood  corpuscles,  which  shrink 
and  become  more  concave  in  appearance  on  combination  with  ox3'gen,  swelling 
out,  on  the  other  hand,  on  the  removal  of  the  oxygen  (by  the  passage  through 
it  of  carbonic  acid.  Sec.)  (Harless).  In  the  fii'st  case,  the  blood  corpuscles,  act- 
ing as  more  powerful  concave  mirrors,  would  reflect  light  in  a  more  concentrated 
form,  whilst  in  the  latter  they  would  tend  more  to  disperse  it.  At  all  events, 
it  is  in  this  manner  that  the  addition  of  salts  to  the  blood  renders  it  brighter. 
The  addition  of  water,  on  the  other  hand,  darkens  it.  Gases,  however,  exert  an 
action  on  the  pigment  which  is  quite  independent  of  any  alteration  which  they 
may  bring  about  in  the  shape  of  the  corpuscles — an  action  which  maybe  obsei-ved 
after  these  bodies  have  been  brolceu  up  by  the  addition  of  water;  in  lake-coloured 
blood,  however,  the  colour  being  darker  of  itself,  the  action  of  oxygen  is  less 
easily  seen. 

The  peculiar  composition  of  particular  kinds  of  blood  (the 
blood  of  the  portal,  hepatic,  and  splenic  veins),  as  well  as  the  in- 
fluence on  the  blood  of  digestion,  respiration,  &c.,  will  be  treated 
of  in  later  chapters. 

The  changes  taking  place  in  the  physical  and  chemical  con- 
stituents of  the  blood,  its  waste  and  reparation,  form  the  subject 
of  the  sixth  chapter. 
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The  Quantity  of  Blood  in  the  Body. — Its  Quantitative 

Composition. 

The  quantity  of  blood  contained  in  the  human  body  is  not 
accurately  known  :  it  amounts  to  about  (Bischoff  ^ )  of  the  whole 
weight  of  the  adult  body ;  to  about  (Welcker  2)  of  its  weight 
at  biith. 

The  following  are  the  hest  known  methods  for  determining  the  quantity  of 
the  Hood :  1.  By  ascertaining  the  dilution  of  the  blood  caused  by  the  injection 
of  a  known  quantity  of  water ;  the  degree  of  dilution  is  determined  by  comparing 
the  amount  of  water  contained  in  two  samples  of  the  blood  taken,  the  one 
immediately  before,  the  other  a  short  time  after,  the  injection  of  the  water 
(Valentin  ^J.  [This  gives  too  high  a  result,  both  because  the  water  does  not 
become  equally  mixed  with  the  whole  of  the  blood,  and  also  because  the  diluted 
blood  commences  at  once  to  diffuse  throughout  the  tissues,  giving  oft"  water 
(mainly  through  the  kidneys)  and  taking  up  solid  matter.]  2.  By  bleeding 
freely  (by  beheading)  and  washing  out  the  blood  still  left  in  the  vessels  with 
water  (imtil  the  latter  becomes  no  longer  coloured),  the  amount  of  the  solids 
contained  in  the  whole  of  the  blood  is  determined ;  the  quantity  of  blood  can 
then  be  ascertained,  by  comparing  these  solids  with  the  amount  of  solids  con- 
tained in  an  undiluted  sample  of  blood  (Ed.  Weber).  [Inaccurate,  both  because 
all  the  blood  is  never  washed  out  of  the  vessels,  and  also  because  the  water  flow- 
ing through  the  vessels  takes  up  substances,  by  diffusion,  fi-om  the  parenchyma.] 
3.  The  blood  remaining  in  the  vessels  after  decapitation  is  diluted  with  water 
until  it  is  identical  in  colour  (when  layers  of  equal  thickness  are  compared),  with 
a  measured  sample  of  blood  previously  obtained,  and  diluted  with 'a  known 
quantity  of  water;  the  quantity  of  blood  is  then  easily  calculated  from  the 
amount  of  water  required  for  dilution  (Welcker,*  Heidenhain  ^).  The  amount 
of  haemoglobin  contained  in  the  muscles  (Chap.  VIII.)  must  be  allowed  for.  It 
is  advantageous  to  saturate  the  blood  with  carbonic  oxide  (see  above),  so  as  to 
avoid  variations  in  colour,  due  to  imequal  saturation  with  oxygen  (v.  Bezold  and 
Gscheidlen). 

[Summary  of  the  Quantitative  Composition  of  the  Blood. 

1.  Relative  proportions  of  blood  corpuscles  and  plasma. — 
"We  possess  much  scantier  information  concerning  the  actual  quan- 
titative composition  of  the  blood  of  man  than  of  that  of  some  of 
the  lower  animal?. 

In  reference  to  the  relative  proportions  of  blood  corpuscles  and 
plasma  we  can,  indeed,  make  no  more  than  a  probable  estimate ; 
for  the  older  analyses  of  human  blood  which  (like  those  of 
C.  Schmidt)  endeavoured  to  ascertain  these  data,  were  performed 
according  to  methods  whicli  are  erroneous,  and  which  certainly  led 
to  false  results.  Schmidt,  for  instance,  stated  that  1,000  parts  in 
weight  of  the  venous  blood  of  man  contain  513-04  parts  of  blood 
corpuscles  and  486-96  parts  of  plasma — a  result  which  we  may 
safely  pronounce  to  be  erroneous. 

1  Bischoff,  Zeitschrift  f.  Wiss.  Znol,  vol.  vii.  p.  331 ;  vol.  ix.  p.  fi5. 

2  Wekker,  Prager  Vierteljahrschrift,  vol.  iv.  p.  11. 
'  Valentin,  Canstatt's  Jahresberic/it,  1844,  p.  169. 

*  Welcker,  for.  cit. 
Heidenhain,  Diaquisit.  cHt.  et  expns.  de  sang,  quantit.  Halis,  1857. 
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As  we  are  now  in  possession  of  a  very  accurate  method  of 
counting  the  number  of  blood  corpuscles  present  in  a  known 
volume  of  blood  (method  of  Malassez),  and  know  almost  exactly 
the  volume  and  specific  gravity  of  the  human  blood  corpuscles,  we 
may  make  a  close  estimate  to  the  mean  relation  of  corpuscles  and 
plasma  in  the  blood  of  man.  Assuming  the  number  of  corpuscles 
in  a  cubic  millimetre  of  blood  to  be  5,000,000,  the  volume  of  each 
corpuscle  to  be  0*000000072  cubic  millimetre,  and  its  density  to 
be  1,105  (Welcker),  the  following  would  be  the  proportion  of 
blood  corpuscles  and  plasma  in  1,000  parts  of  human  blood  :  blood 
corpuscles  376  parts  and  plasma  624  parts.  In  the  case  of  horse's 
blood,  Hoppe-Seyler  has  determined  1,000  parts  of  blood  to  con- 
tain 326  parts  of  corpuscles  and  674  parts  of  plasma. 

2.  Chemical  composition  of  organic  matters  of  the  corpus- 
cles.— The  composition  of  the  blood  corpuscles  of  man  has  been 
ascertained  by  Jiidell. 

In  100  parts  of  corpuscles  there  are : — 

Water  66-5  parts. 

Solids  43-5  „ 

The  dried  organic  solid  matter  consists  (in  100  parts)  of: — 

HfemogloMn  86-8  to  94-3  parts. 

Proteid  matters  6-1  to  12-2  „ 

Lecithin  0-3  to   07  „ 

Oholesterin  0-25  parts. 

3.  Chemical  composition  of  the  plasma. — The  plasma  of 
human  blood  has  been  analyzed  by  Strecker,  and  the  results  agree 
very  closely  with  those  obtained  by  Hoppe-Seyler  in  horse's  blood. 

Strecker  found  in  1,000  parts  of  plasma: — 

Water  903-0  parts. 


Fibrin  . 
Albumin  of  senun 
Fats 

Extractive  matters 
Salts 


4-0 
78-8 
1-7 
3-9 
8-6 


4.  Salts  of  the  blood. — In  reference  to  the  inorganic  salts  of 
the  plasma  and  the  blood  corpuscles,  we  have  the  analyses  of  Carl 
Schmidt,  which  have  shown  that  the  ash  of  the  blood  corpuscles  is 
specially  rich  in  potassium  salts,  whilst  that  of  the  serum  abounds 
in  sodium  compounds. 


In  1 ,000  jmi-ts  of  Corpiiscles, 
Potassium  chloride        .       .    3 '679 


„  sulphate 
phosphate 
Sodium  phosphate  . 
Calcium  „ 
Magnesium  „ 
Soda  (?) 


•132 
2-343 
0-033 
0-094 
0-060 
0-341 

7-282 


In  1,000  parts  of  Plasma. 
Potassium  chloride 
„  siilphate 
Sodium  phosphate 
Calcium  „ 
Magnesium  „ 
Soda  (?) 
Sodium  chloride 


0-3o9 
0-281 
0-271 
0-298 

0-  218 

1-  532 
5-546 

8-505 
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5.  Quantitative  comjjosition  of  human  blood  as  a  tvhole.— 
The  following  numbers  represent  the  proportions  in  which  th.e 
chief  constituents  occur  in  the  blood  of  man  ;  they  are  to  be  looked 
upon  as  merely  approximative. 

In  1,000  parts  of  human  blood  there  are  : — 

Water   770-0  to  790-0  parts. 

Fibriu  2-0  to     2-5  „ 

HEemoglobin  125-0  to  140-0  „ 

Serum — albumin,  and  other  proteids  50-0  to  70-0  „ 
Salts  6-0  to     8-0  „ 

j^Tgfg — drawing  up  this  table  use  bas  cliiefly  been  made  of  the  results 
obtained  by  Becquerel  and  Rodier,  who  had  much  more  extensive  opportunities 
of  examining  the  blood  of  man  than  has  fallen  to  the  lot  of  more  recent  investi- 
gators. The  amount  of  hsemoglobin  is  calculated  from  the  determinations  of  the 
iron  contained  inhuman  blood  made  by  these  observers,  as  well  as  by  Gavarret.] 

Death  of  the  Blood — Coagulation. 

So  soon  as  blood  or  liquor  sanguinis  is  withdrawn  from  the 
influence  of  the  walls  of  living  vessels,  it  quickly  runs  through  a 
series  of  changes,  which  may  be  said  to  attend  the  death  of  the 
blood.    They  are  as  follows  : 

1.  Ooagulation,  that  is,  the  separation  of  a  solid  albuminous 
body,  'Fibrin.'  The  liquid  blood  is  thus  changed,  in  the  first 
place,  into  a  soft  red  mass ;  in  a  few  hours,  however,  the  solid  por- 
tion contracts,  pressing  out  a  yellow  fluid — the  blood  serum  ;  the 
solid  portion  retains,  however,  the  shape  of  the  vessel  containing 
it,  but  on  a  smaller  scale.  The  firm  red  mass,  the  blood  clot 
(placenta  sanguinis),  now  floating  in  the  serum,  consists  of  matted 
filaments  of  fibrin,  and  the  blood  corpuscles  imprisoned  within 
them,  together  with  some  occluded  serum.  The  fibrin  is  separated 
essentially  from  the  plasma  and  not  from  the  blood  corpuscles ;  for 
the  former,  which  may  be  obtained  either  by  allowing  the  corpus- 
cles in  uncoagulated  blood  to  sink  to  the  bottom,  or  by  filtering 
blood  containing  large  corpuscles  (frog's  blood  diluted  with  sugared 
water,  J.  Miiller undergoes  coagulation,  forming  a  white  cake 
which  consists  solely  of  fibrin.  The  serum  consequently  contains 
the  same  component  parts  as  the  plasma,  with  the  exception  of 
fibrin.  If  before  coagulation  the  blood  corpuscles  have  had  time 
to  sink  (as  is  usually  the  case  with  the  blood  of  the  horse),  the 
upper  layer  of  the  blood  clot  consists  solely  of  fibrin,  without  cor- 
puscles, and  is  therefore  white  and  of  closer  texture  than  the  red 
portion  ;  this  is  called  the  '  Buffy  Coat'  (also  '  crusta  phlogistica,' 
from  its  occurrence  in  blood  obtained  by  bleeding  animals  affected 
with  inflammatory  diseases).  Fibrin  may  also  be  obtained  by 
whipping  recently  drawn  and  yet  uncoagulated  blood  with  twigs, 

1  Mllller,  '  Beobftchtnngen  zur  Analyse  der  Lymphe  des  Bluta  und  des  Cbylus,'  Poggen- 
dorfTs  Annulen,  1832,  vol.  xxv.  p.  537. 
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or  stirring  it  with  a  stick ;  the  fibrin  adheres  to  the  twigs  or  to 
the  stick,  in  white  filaments.  The  red  uncoagulable  fluid  remain- 
ing— defibrinated  blood — consists  of  the  serum  and  corpuscles. 

T]ie  process  of  coagulation  is  made  plain  by  the  following  table  :— 
Undistiu'bed  coagulation  :  Wben  beaten  : 

Blood  Blood 

I  "  \  f  '  ^ 

^Plasma  Corpuscles  Plasma  Corpuscles 

Serum    Fibrin-generators    |  Fibrin-generators     Serum  | 

Blood  clot  Fibrin         Defibrinated  blood 

The  amount  of  fibrin  is  very  small,  in  spite  of  the  large  space 
it  takes  up  during  coagulation,  especially  at  first ;  it  is  also  ex- 
ceedingly variable,  even  in  different  samples  of  the  same  blood 
(S.  Mayer  >);  on  an  average  it  forms  about  0-2  per  cent,  of  the 
blood. 

It  has  been  recently  stated  tbat  even  washed  blood  corpuscles  yield  fibrin 
(Heynsius       Embryonal  blood  is  not  at  first  coagulable  (Boil »). 

2.  Acidification. — From  the  time  it  is  drawn  until  coagula- 
tion, the  alkaline  reaction  of  the  blood  steadily  diminishes  (Pfliiger 
and  Zuntz"*).  This  depends  most  probably  on  the  formation  of 
an  acid,  the  nature  of  which  is  yet  unknown. 

3.  Deoxygenation. — Immediately  after  it  is  drawn  the  amount 
of  oxygen  contained  in  the  blood  becomes  somewhat  diminished ; 
the  amount  of  COg,  on  the  other  hand,  being  increased  (Pfliiger, 
A.  Schmidt).  As  this  consumption  of  oxygen  takes  place  during 
life,  the  blood  always  containing  oxydizable  substances  (compare 
Chap.  IV.),  it  probably  does  not  properly  belong  to  the  death- 
phenomena,  but  is  merely  synchronous  with  them. 

4.  Calorification. — During  coagulation  a  slight  rise,  perceptible 
by  means  of  the  thermometer,  takes  place  in  the  temperature  of 
the  blood  (Schiffer 

An  evolution  of  electricity  likewise  probably  takes  place,  under  certain  cir- 
cumstances, during  the  djdng  of  the  blood.  Ou  making  a  cross  section  of  fresh 
organs  (as  glands)  a  weak  negative  current  is  developed,  as  opposed  to  the 
natural  surface  (Matteucci).  This  current  is,  however,  only  apparent  in  organs 
containing  blood  (Hermann),  and  is  usually  absent  in  the  organs  of  warm-blooded 
animals  (Du  Bois-Reymond).  Most  probably  it  arises  fi-om  an  evolution  of 
electricity  caused  by  the  contact  of  the  decomposing  blood  (at  the  incision)  with 
the  still  uuchanged  blood  in  the  vessels,  the  former  becoming  negative  (Her- 
mann). Since,  throughout  the  whole  ramification  of  vessels,  the  blood  lorms 
one  continuous  mass,  the  opposition  between  the  section  and  the  surface  must 
depend  on  the  difference  in  the  speed  with  which  the  blood  decomposes  in  each 
case.    At  the  section,  the  blood  in  all  cases  at  once  dies ;  at  the  surface,  owdng 


1  S.  Mayer,  S'tsber.  d.  Wien.  Akad.  M.  ntw.  CI.,  vol.  Ivi. 

2  Heynsius,  Centralblait  f.  d.  vied.  Wissenschaften,  1870,  No.  25. 
'  Boll,  Archil- fiir  Anatomie  u.  Physiologie,  1870,  p.  718. 

*  Zuntz,  Centralblatt  f.  d.  med.  yVissenschaften,  1867,  No.  34  j  Beitrage  z.Phys.  d.Bluts. 
Diss.  Bonn,  1868,  p.  15. 

s  Schiffer,  Archiv.fiir  Anat.  u.  Physiologie,  1868,  pp.  442-464. 
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to  the  protection  of  the  tisbues,  it  dies  but  slowly  in  cold-blooded  animals, 
although  quickly,  in  spite  of  this,  in  warm-blooded;  thus  are  explained  the 
above-mentioned  facts. 

The  above-described  phenomena  show  that  in  the  process  of 
dying  the  blood  undergoes  complex  chemical  changes.  The  most 
striking  of  these,  the  coagulation  of  fibrin,  was  formerly  considered 
to  be  a  spontaneous  coagulation  of  an  albuminous  substance  dis- 
solved in  the  plasma.  We  now  know  that  the  fibrin,  as  such,  does 
not  exist  in  the  blood,  but  originates  in  the  process  of  dying. 
According  to  the  ideas  most  generally  received  ( A.  Schmidt  > ),  it 
arises  from  the  chemical  combination  of  two  albuminous  substances, 
separate,  although  existing  side  by  side,  in  the  blood — '  fibrinogen ' 
and  the  '  fibrinoplastic  substance.'  This  combination  is  brought 
about  by  a  ferment — the  \fihrin-ferment'' — which  is  only  deve- 
loped during  the  death  of  blood.  Both  the  fibrin  generators  are 
contained  in  the  plasma. 

[Schmidt's  most  recent  researches  lead  him  to  believe  that  the 
fibrin,  ferment  and  the  fibrinoplastic  substance  are  the  results  of 
death-changes  in  the  colourless  corpuscles  of  the  blood  and  in 
certain  cells  which  appear  to  be  intermediate  between  the  colourless 
and  coloured  corpuscles.  Some  of  the  principal  grounds  upon  which 
this  belief  are  based  are — Istly,  that  when  the  coagulation  of  blood 
plasma  is  prevented  by  cold,  the  more  superficial  strata  from  which 
the  colourless  corpuscles  have  subsided  coagulate  very  feebly, 
whilst  the  deeper  strata  which  are  crowded  with  colourless  cor- 
puscles coagulate  strongly ;  2ndly,  that  in  the  slowly  coagulating 
plasma  of  horse's  blood  which  has  been  exposed  to  cold,  a  process  of 
breaking  down  of  the  colourless  and  intermediate  blood  corpuscles 
appears  to  be  the  precursor  of  actual  coagulation.] 

The  fibrin  generators  are  also  contained  in  many  other  normal  and  patho- 
logical fluids,  e.g.  in  lymph  and  chyle,  in  pericardial  and  hydrocele  fluids,  &c. 
The  former  of  these  fluids  also  generate  the  ferment,  and  therefore  coagidate 
spontaneously,  although  more  slowly  than  the  blood  ;  the  others  do  not  gene- 
rate the  ferment,  and  therefore  coagulate  only  after  the  addition  of  ferment  or 
of  blood.  Fibrinogen  and  the  fibrinoplastic  substance  are  most  closely  related 
to  globulin.  They  can  be  obtained  from  their  natural  solutions  in  blood-plasma 
by  the  addition  of  water  and  the  subsequent  passage  of  carbonic  acid  ;  the 
fibrinoplastic  substance  is  first  precipitated  and  carries  down  with  it,  mechani- 


'  A.  Schmidt,  '  Ueber  den  Faserstoff  und  die  Ursachen  seiner  Gerinnung,'  Miiller's 
Archiv,  1861,  pp.  54.5-.')87,  and  67.5-721  ;  '  Wei  teres  iiber  den  Faserstoff  und  die  Ursachen 
seiner  Gerinnung,'  Miiller's  Archiv,  1862,  pp.  428-469,  and  533-.564;  'Neue  Untersuchimgen 
Uber  die  Faserstoffgerinnung,'  Pfliigtr's  Archiv,  vol.  vi.  (1872),  pp.  413-538;  'Ueber 
die  Beziehungen  dos  Faserstoffes  zu  den  farblosen  und  den  rothen  Blutkorper- 
chen  und  Uber  die  Entstehung  der  letztcren '  fvorlUufige  Mittheilung  von  Prof.  Alex. 
Schmidt  in  Dorpat),  Fflilger's  Archiv,  vol.  ix.  (1874),  pp.  3.53-357  ;  '  Ueber  die  Bezieliung 
der  Faserstoffgerinnung  zu  den  kijrperlichen  Elementen  des  Blutea,'  1.  Theil.  '  Der 
Faserstoffgerinnung,'  Pjfiiiger's  Archiv,  vol.  xi.  (1875),  pp.  291-369  ;  '  Uebpr  die  Beziehung 
der  Faserstoffgerinnung  zii  des  korperliclien  Elementen  des  Blutes,' 2  Theil  vol.  i.  (1875). 
pp.  515-677  ;  '  Ueber  die  Beziehung  des  Kochsalzes  zu  einigen  thierisehen  Fermcntations- 
processen,'  PflUger's  Archiv,  vol.  xiii.  (1876),  pp.  93-146;  ♦  Bemerkungen  zu  Olof  Hnm- 
marstan's  Ahhandlung  ;' '  Untersuchungen  Uber  die  Faserstoffgerinnung,' P^ucrer's  Archiv, 
vol.  xiii.  (1876),  pp.  146-176.  6  6,  y 
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cally,  the  ferment.  Both  the  fibrin  generators  are  soluble  in  alkalies  and  acids 
and  in  solutions  of  common  salt;  they  are  soluble  in  water  if  a  stream  of  oxygen 
be  passed  through  it. 

The  ferment  is  obtained  by  adding  alcohol  to  blood,  and  exti-acting  the 
tlioroughly  dried  and  filtered  residue  with  water.  Blood  allowed  to  flow 
directly  from  an  artery  into  alcohol  yields  no  ferment. 

On  mixing  solutions  of  fibrinogen  and  the  fibrinoplastic  substance  in  the 
presence  of  the  ferment,  fibrin  separates  first  as  a  gelatinous  substance,  which 
afterwards  contracts;  the  quantity  of  these  two  substances  determines  the 
amount  of  fibrin,  to  form  which  they  appear  to  combine,  although  in  proportions 
which  are  not  constant.  The  amount  of  ferment  present  merely  influences  the 
rapidity  of  the  separation  of  fibrin.  Serum  contains  an  excess  of  fibrinoplastic 
substance  (that  of  ox's  blood  contains  0-7-0-8,  of  the  horse  0-3-0'6  per  cent). 
Presence  of  non-crystallizable  haemoglobin,  of  carbon,  platinum,  &c.  hastens 
the  formation  of  fibrin,  when  all  other  conditions  are  present.  If  solutions  of 
the  fibrin  generators  and  of  the  ferment  are  deprived  of  oxygen,  by  passing 
hydrogen  through  them,  before  they  are  mixed,  no  fibrin  is  formed  (A..  Schmidt). 

The  connection  between  the  above  and  the  other  phenomena 
accompanying  the  death  of  the  blood,  particularly  acidification,  is 
unknown.  Blood  which  has  undergone  these  changes,  if  kept 
longer,  particularly  if  defibrinated,  gradually  loses  the  whole  of  its 
oxygen,  carbonic  acid  taking  its  place  :  at  the  same  time  putrefac- 
tion sets  in. 

The  phenomena  accompanying  its  death  are  the  result  of  the 
cessation  of  an  influence  exercised  constantly  upon  the  blood 
during  life,  by  the  living  walls  of  the  vessels  (Briicke*).  The 
blood  does  not  coagulate  as  long  as  it  circulates  in  the  vessels,  so 
that  every  portion  of  it  constantly  comes  in  contact  with  their 
living  walls  ;  nor  does  it  coagulate  if,  after  being  drawn,  it  is  in 
contact  with  a  living  vessel  (as,  for  instance,  when  frog's  blood  is 
placed,  over  mercury,  in  contact  with  a  pulsating  frog's  heart, 
Briicke).  On  the  other  hand,  it  coagulates  after  it  has  been  drawn 
from  the  vessels,  or  in  the  vessels,  after  their  death,  or  even  in 
living  vessels,  if  at  any  point  stagnation  of  the  blood  occurs,  so 
that  the  central  layers  are  removed  from  the  influence  of  the 
walls. 

Many  precise  accounts  concerning  the  causes  of  the  process  of  coagulation 
are  here  passed  over,  because  they  have  not  been  verified.  According  to  our 
present  views  of  fibrin  formation,  BrUcke's  law  would  be  expressed  as  follows : 
the  influence  of  the  living  vascular  wall  is  to  hinder  the  formation  of  the  fibrin 
ferment,  or  to  destroy  it  continuously  as  soon  as  it  is  formed.* 

All  the  phenomena  which  characterize  the  death  of  the 
blood  are  hastened  by  high  temperatures,  and  by  the  contact 
of  the  blood  with  foreign  bodies  (as  by  stirring\  also  by  air 
(blood  coagulates  more  quickly  in  open  vessels  than  over  mer- 
cury). 

1  Briicke,  British  and  Foreign  Med.  Chir.  Bevietv,  18o7.  p.  183. 
rXhe  reader  who  is  intereked  in  tiiis  subject  is  advised  to  study  the  most  susgestive 
Croonian  Lecture  by  Professor  Lister  (Proceedings  of  the  Royal  Society,  18Co),  in  which 
he  will  find  many  facts  which  are  opposed  to  BrUcke's  theory,  and  which  it  is  di&cult  to 
explain  even  with  the  light  of  Schmidt's  most  recent  researches.] 
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[Ooagulation  is  retarded  by  cold,  and  is  indeed  indsEnitely  postponed  if  tliis 
Tje  sufficient  to  freeze  the  blood.  Blood  which  has  been  frozen  before  coagula- 
tion has  occiu-red  may  be  rapidly  thawed  and  frozen  again  without  coagulation 
talcing  place  (Hewson  We  cannot  yet  decide  whether  the  non-coagulation 
is  due  to  the  non-formation  of  fibrin-ferment  or  merely  to  the  fact  tbat  one  of 
the  conditions  for  the  union  of  the  fibrin  generators,  even  in  the  presence  of 
fibrin-ferment,  is  a  temperature  above  freezing  point. 

Ooagulation  may  be  prevented  by  the  addition  of  sufficient  quantities  of 
neutral  salts  to  blood,  such  as  sodiiun  sulphate  and  potassium  nitrate.  Thus 
Hewson  found  that  when  six  ounces  of  blood  are  mLxed  with  half-an-ounce  of 
the  former  salt  reduced  to  powder,  the  blood  does  not  coagulate  on  being  ex- 
posed to  the  air;  but  when  to  the  mixtiu-e  twice  the  quantity  of  water  is  added, 
in  a  short  time  the  whole  becomes  converted  into  a  jelly,  owing  to  the  formation 
of  fibrin.  Ooagulation  may  be  also  checked  by  precipitating  the  fibriuoplastic  sub- 
stance by  means  of  carbonic  acid  or  other  weak  acids  ;  in  this  case,  one  of  the 
fibrin  generators  having  been  removed,  coagulation  can  necessarily  not  occui", 
unless  it  be  restored.] 


II.  THE  CIECULATION  OF  THE  BLOOD. 

The  blood  circulates  continually,  and  with  great  speed,  through- 
out all  parts  of  the  body,  in  the  paths  prescribed  for  it  by  the 
vascular  system,  which,  under  normal  circumstances,  it  never 
leaves.  All  the  matters  given  up  by  the  blood  have,  therefore,  to 
pass  through  the  closed  vascular  wall,  and  with  few  exceptions 
(passage  of  lymph  into  the  blood),  this  is  the  case  with  matters 
absorbed  into  the  blood.  Only  the  thinnest  portions  of  the  vas- 
cular system,  viz.  the  capillaries,  permit  of  this  exchange  taking 
place. 

Seeing  that  the  vascular  system  is  completely  closed,  and 
that  the  movement  of  the  blood  is  always  in  the  same  direction, 
it  is  clear  that  that  movement  must  be  of  the  natm-e  of  a  circu- 
lation. 

The  vascular  system  may  therefore  be  pictured  as  a  system  of 
continuous  closed  tubes,  with  many  branches  ;  the  finest  ramifica- 
tions of  this  system  correspond  to  the  capillaries.  Only  in  two 
places  is  the  system  perfectly  simple  ;  these  are  the  aorta  and  the 
pulmonary  artery,  each  with  its  appended  half  of  the  heart.  From 
each  of  these  places  the  blood  can  only  ]-each  the  other  through  a 
capillary  system:  there  are,  therefore,  two  principal  capillary  systems, 
through  both  of  which  every  particle  of  blood  must  pass  once  at 
each  circulation — the  pulmonic  capillary  system,  and  the  systemic 
capillary  system.  The  functional  difference  between  these  capil- 
lary systems  depends  on  the  character  of  the  changes  which  the 
blood  which  they  contain  undergoes  (see  Chapter  V.):  in  the  pul- 
monic capillaries  the  blood  takes  up  oxygen,  and  gives  off  carbonic 
acid  ;  the  reverse  takes  place  in  the  systemic  capillaries.  Through- 
out the  whole  of  the  passage,  therefore,  from  the  pulmonic 

'  Hewson,  The  Works  of,  printed  by  the  Sydenham  Society,  1846,  p.  17, 
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capillaries  to  the  systemic,  the  blood  is  rich  in  oxygen,  and  conse- 
quently bright  red  or  arterial ;  on  the  other  hand,  during  its 
passage  from  the  systemic  to  the  pulmonic  capillaries,  it  is  poor  in 
oxygen,  but  rich  in  carbonic  acid,  and  therefore  dark  red  or 
venous.  The  whole  circulation,  therefore,  naturally  divides  itself 
into  two  halves,  an  arterial  and  a  venous. 

At  the  commencement  of  each  of  the  trunks  of  the  vascular 
system  (the  one  the  arterial,  the  other  the  venous)  is  placed  the 
principal  motor  apparatus,  in  the  form  of  two  contractile  pouches, 
supplied  with  valves — the  two  halves  of  the  heart — the  left  being 
on  the  arterial  side  of  the  circulation  (commencement  of  the 
aorta),  the  right  on  the  venous  (commep cement  of  the  pulmonary 
artery).  Eeckoning  from  the  heart  forwards,  all  those  vessels 
which  carry  blood  to  a  capillary  system  are  called  arteries,  whilst 
those  carrying  the  blood  from  a  capillary  system  are  called  veins. 
There  are  therefore  two  arterial  and  two  venous  systems.  The 
systemic  arterial  system  (the  aortic  system)  carries  arterial  blood 
from  the  left  side  of  the  heart  into  the  systemic  capillaries ;  the 
systemic  venous  system  carries  this  blood,  now  become  venous,  into 
the  right  side  of  the  heart,  from  which  the  pulmonary  arterial 
system  carries  the  venous  blood  into  the  pulmonary  capillaries, 
and  the  pulmonic  venous  system  returns  this  blood,  again  become 
arterial,  into  the  left  side  of  the  heart. 

Although  the  complete  circulation  forms  one  single  circuit,  the  course  of  the 
"blood  from  the  left  side  of  the  heart  through  the  sj-slemic  capillaries  to  the  right 
side  of  the  heart  is  often  erroneously  described  as  the  greater  or  systemic  cii'- 
culation,  the  other  as  the  lesser  or  pulmonary  circulation.  One  portion  of  the 
systemic  venous  blood,  viz.  that  coming  from  the  capillaries  of  the  intestines 
and  spleen,  unites  to  form  one  vein  (the  portal  vein),  which  does  not  proceed 
directly  to  the  right  side  of  the  heart,  but  branches  out,  like  an  artery,  into  a 
second"  capillary  system  in  the  liver,  whence  it  passes  into  veins  leading  du-ect 
to  the  heart.  This  section  of  the  vascular  system  is  erroneously  called  the  portal 
circulation. 

Since  the  sum  of  the  diameters  of  the  branches  of  an  artery 
almost  always  exceeds  the  diameter  of  the  trunk,  the  sum  of  the 
diameters  of  the  vascular  system  must  in  general  increase  with  its 
ramifications,  and  consequently  is  smallest  in  the  two  trunks  (the 
aorta  and  pulmonary  artery),  and  greatest  in  the  capillaries.  The 
vessels,  especially  the  arteries,  are  very  elastic. 

Amongst  the  motive  powers  producing  the  circulation  of  the 
blood  the  movements  of  the  heart  occupy  the  first  place.  The 
description  of  the  circulation  as  a  whole  will  therefore  be  preceded 
by  an  account  of  the  most  essential  facts  relating  to  the  heart. 
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The  Movements  of  the  Heart. 

The  heart  consists  of  two  huUow  muscular  organs,  completely 
divided,  though  of  similar  construction  each  of  these  transmits 
its  contents  in  a  definite  direction  by  means  of  rhythmical  con- 
tractions and  valvular  arrangements.  The  right  half  of  the  heart 
is  connected  with  the  venous,  the  left  with  the  arterial  half  of 
the  circidation ;  the  former  therefore  contains  only  dark  red,  the 
latter  only  bright  red  blood  ;—  the  former  transmits,  through  the 
pulmonary  artery,  the  blood  pouring  into  it  through  the  venae 
cavae,  the  latter  transmits  through  the  aorta  the  blood  brouglit 
back  from  the  lungs  by  the  pulmonary  veins.  Each  half  of  the 
heart  consists  of  a  thin-walled  antechamber  (auricle,  atrium),  which 
first  receives  the  entering  blood,  and  a  thick-walled  chamber 
(ventricle),  which  forces  it  into  the  artery. 

Although  entirely  removed  from  the  control  of  the  will,  the  muscular  fibres 
which  form  the  greater  portion  of  the  walls  of  the  heart  are  transversely  striated ; 
they  differ,  however,  from  almost  all  other  transversely  striated  muscular  fibres, 
as  they  ramify  and  join  together.  They  form  numerous  layers  diversely  arranged 
— partially  in  spirals.  Those  of  the  ventricles  spring  from  the  fibro-cartilaginous 
rings  at  the  margins  of  the  am'iculo-ventricular  openings,  and,  in  part,  retm'u  to 
be  inserted  in  the  same,  while,  in  part,  they  are  inserted  in  the  chordae  tendinese, 
after  forming  the  musculi  papillares.  The  muscles  of  the  auricles  are  entirely 
distinct  from  those  of  the  ventricles,  but  many  fibres  pass  from  tbe  right  side 
of  the  heart  to  the  left.  This  arrangement  of  the  muscles  explains  why  both 
auricles  or  both  ventricles  always  contract  simultaneously,  whilst  the  move- 
ments of  the  am-icles  and  ventricles  are  independent  of  each  other. 

The  heart  in  mammals  and  birds  resembles  the  human  heart.  In  scaly 
amphibia  the  two  ventricles  communicate ;  in  the  naked  amphibia  only  one  is 
usually  present.  In  the  former  the  aorta  and  pulmonary  artery  originate  from 
the  common  ventricular  cavity,  in  the  latter  only  one  vessel  leaves  the  ventricle, 
supplying  blood  both  to  the  body  and  the  lungs.  In  fishes  and  in  undeveloped 
batrachians  the  heart  usually  corresponds  to  the  right  half  only  of  the  human 
heart  (one  ventricle  and  one  auricle)  ;  no  heart  is  inserted  in  the  arterial  half  of 
the  circulation,  so  that  the  branchial  veins  open  directly  into  the  aorta.  In 
invertebrata,  which  usually  possess  no  closed  vascular  system,  a  real  heart  with 
auricles  and  ventricles  exists  only  in  a  few  orders ;  in  some  there  exists  merely 
an  open  bag  provided  with  valves  (as  the  dorsal  vessel  of  insects)  ;  others  have 
no  such  apparatus. 

The  rhythmical  movements  of  the  heart  consist  of  an  alternate 
contraction  of  the  auricles  and  ventricles.  The  two  halves  of  the 
heart  work  in  all  respects  correspondingly  and  simultaneously. 
During  the  contraction  (systole)  of  the  two  auricles,  the  dilatation 
(diastole)  of  the  ventricles  takes  place,  and  conversely.  The  systole 
of  the  ventricles  directly  follows  that  of  the  auricles  ;  on  the  other 
hand,  a  slight  pause  occurs  after  the  systole  of  the  ventricles  before 
the  following  systole  of  the  auricles  ;  the  systole  of  the  auricles, 
moreover,  lasts  a  shorter  time  than  that  of  the  ventricles. 

The  systole  of  the  ventricles  takes  up  about  two-fifths,  their  diastole  about 
three-fifths  of  a  complete  cardiac  revolution  (Valentin,  Landois       This,  how- 

1  Landob,  Centralblatt  f.  d.  med.  Wiisemchaft.  1866,  p.  17/. 


82 


MOVEMENTS  OF  THE  HEART. 


ever,  is  only  when  the  pulse  is  of  normal  frequency,  since  any  change  in  its  rate 
only  varies  the  duration  of  the  diastole,  whilst  that  of  the  systole  remains  con- 
stant. 

[It  was  found  by  Bonder? '  in  a  large  numher  of  ohservations,  that  whilst 
the  duration  of  a  complete  cardiac  revolution  varied  between  0-G40"  and  0-806", 
the  duration  of  ventricular  systole  fluctuated  within  very  narrow  limits,  viz.! 
between  0-301"  and  0-327".] 

The  heart  and  large  vessels  lie  within  the  thorax,  in  a  spacious, 
closed  chamber,  which,  together  with  the  lungs,  they  tend  to  fill ; 
in  doing  so  they  are  dilated  beyond  their  natural  volume  (see 
Chapter  IV.) ;  they  are,  therefore,  under  negative  pressure,  i.e. 
their  walls  (more  especially  those  of  the  auricles  and  of  the  large 
veins  which  are  most  yielding)  are  drawn  apart.  The  relaxed 
heart,  therefore,  tends  to  distend  itself  by  sucking  blood  out  of 
the  veins.  Owing  to  a  special  contrivance,  the  aspiration  of  blood 
through  the  veins  is  not  even  interrupted  during  the  contraction 
of  the  ventricle — which  must  be  looked  upon  as  the  heart-pump 
proper — but  proceeds  continuously. 

As  the  large  veins  open  into  the  contractile  auricles  they 
possess  a  varying  capacity.  During  the  ventricular  systole  the 
auricles  are  relaxed,  and  are  therefore  in  a  position  to  receive  the 
blood  which  is,  in  the  meantime,  sucked  up  into  the  thorax. 
During  the  diastole  of  the  ventricles,  on  the  other  hand,  blood 
flows  into  them  from  the  then  contracting  auricles,  without  the 
passage  of  blood  through  the  veins  into  the  auricles  being  inter- 
rupted. The  auricle  must  therefore  not  be  considered  as  a  pre- 
liminai-y  suction-  and  force-pump,  whose  action  is  followed  by  that 
of  a  second  pump,  the  ventricle,  but  is  to  be  looked  upon  merely 
as  a  reservoir  which  regulates  the  pressure  of  blood  in  the  venous 
system.  Each  lateral  half  of  the  heart,  therefore,  being  a  simple 
suction-  and  force-pump,  merely  requires  a  valvular  arrangement 
at  its  orifice  of  entrance  and  exit ;  the  first  is  formed  by  the 
auriculo-ventricular,  the  second  by  the  semilunar  valves.  During 
the  systole  of  the  auricles  the  blood  is  sucked  into  the  synchro- 
nously relaxed  ventricle  by  the  aspiration  of  the  thorax  (aided, 
perhaps,  by  the  active  power  of  aspiration  exerted  by  the  ventricle 
in  its  diastole,  and  to  which  we  shall  afterwards  refer),  so  that  no 
valves  are  required  to  prevent  its  reflux  into  the  venous  trunks. 
It  is  only  the  coronary  veins  which  empty  themselves  into  the 
right  auricle,  and  whose  contents  being  regulated,  not  by  atmo- 
spheric, but  by  intra-thoracic  pressure,  require  a  valvular  arrange- 
ment, and  this  is  provided  for  by  the  so-called  valvula  Thehesii. 

The  auricular  cavities  are  never  completely  obliterated  during 
Contraction,  though  this  appears  to  be  the  case  with  the  auricular 
appendages. 

.    1  Dondei-s,  De  Bhythmus  der  Hartstoonen.  Nederlandsch.  Archief  voor  Genets-  en  Nutui^^ 
kunde,  1865,  p.- 139.   Translated  in  full  by  Dr.  Moore  in  Dub.  Quart.  Journ.  of  Med .  Sc 
vol.  xlv.  p.  225. .  V 
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The  action  of  the  heart  as  a  pump  commences  with  the  systole 
of  the  ventricles,  which  changes  the  negative  pressiu-e  of  the  con- 
tents into  a  positive  pressure,  and  causes  the  auriculo-ventricular 
valves  to  close.  The  closure  of  the  valves  is  furthered  by  the 
simultaneous  contraction  of  the  musculi  papillares,  whilst  the 
contraction  of  the  ventricles  forces  their  whole  contents,  with- 
great  energy,  into  the  arteries  (aorta  and  pulmonary  artery).  As 
soon  as  the  systole  ceases,  the  high  pressure  of  the  blood  in  the 
large  arteries  closes  the  semilunar  valves,  so  that  a  reflux  of  blood 
into  the  relaxed  ventricle  is  impossible.  After  a  short  pause, 
during  which,  as  was  previously  mentioned,  the  ventricles  receive 
blood  from  the  previously  filled  auricles,  the  action  recommences 
with  the  auricular  systole. 

The  auriculo-ventricular  valves,  viz.,  the  tricuspid  on  the  right  and  the  mitral 
on  the  left  side  of  the  heart,  consist  respectively  of  three  and  two  segments, 
which  are  connected  by  a  broad  basis  to  the  walls  of  the  auriculo-ventricular 
openings,  whilst  their  free  margins  are  connected  to  the  musculi  papillares  by 
means  of  the  chordce  tencUnece.  When  not  in  action  these  valves  hang  slackly 
in  the  ventricles.  As  soon  as  the  pressure  within  the  ventricle  surpasses  that 
in  the  auricle,  the  back  current  drives  them  up,  causes  them  to  unfold,  and  as 
they  are  prevented  by  the  chordce  tendinece  from  passing  into  the  auricle,  their 
inner  borders  are  pressed  together,  so  that  a  complete  closure  is  effected. 

The  semilunar  valves  are  formed  by  three  pocket-like  membranes  situ- 
ated at  the  commencement  of  the  aorta  and  pulmonary  artery.  These  pouches 
oppose  no  obstacle  to  the  passage  of  blood  into  the  arteries,  but  so  soon  as  the 
pressure  in  the  latter  becomes  greater  than  that  in  the  ventricles,  they  fall 
together,  and  by  their  edges  press  against  one  another.  Their  edges  then  form 
a  three-pointed  star.  In  this  position  the  semilunar  valves  form  a  strong 
barrier  between  the  ventricle  and  artery. 

The  position  of  the  semilimar  valves  during  systole,  and  their  relation  to 
the  coronary  arteries,  which  take  their  origin  in  the  sinuses  of  Valsalva,  at  the 
commencement  of  the  aorta,  are  subjects  of  dispute.  Some  (Scaramuzzi,  The- 
besius,  Briicke  ^)  suppose  that  during  sj^stole  the  valves  lie  close  to  the  arterial 
wall,  in  such  a  manner  as  to  close  the  openings  of  the  coronary  arteries,  so  that 
the  latter  are  only  supplied  vnth  blood  during  diastole.  The  result  of  this 
would  be  a  more  easy  entrance  of  blood  into  the  substance  of  the  heart  during 
its  relaxation,  and  a  distension  of  the  ventricle  in  diastole,  due  to  a  tm-gescence 
of  its  walls,  whereby  an  active  asjnration  of  the  blood  streaming  out  of  the 
auricle  would  be  effected  (' Selbststeuerung  des  Herzens'  of  Briicke). 

_  Others  (Hamberger,  Hyrtl,^  Riidinger,^  Oehl,  Oeradini*)  raise  the  following 
objections  to  this  view.  (1.)  The  valves  are  not  pressed  against  the  wall  during 
systole,  but  are  stretched  across  and  away  from  the  sinuses.  (2.)  When  the 
coronary  arteries  are  cut  across,  blood  flows  from  them,  specially  during  systole, 
and  from  their  central  ends.  (3.)  Blood  meets  with  less  resistance  in  flow- 
ing through  the  capillaries  of  muscles  during  contraction  than  relaxation  (com- 
pare Chapter  VIII.)  (4.)  The  capacity  of  the  cavities  of  the  heart  is  not  only 
not  increased  by  injection  of  the  coronary  arteries,  but  diminished.  According 
to  the  most  recent  researches  (Oeradini),  the  diastolic  closure  of  the  semilunar 
valves  is  not  brought  about  by  a  regurgitation  of  blood,  but  by  the  elastic  re- 
bound of  the  aortic  walls  at  the  time  when  the  systolic  stream  through  the  axis 
of  the  aorta  is  interrupted ;  for,  during  the  passage  of  blood  through  the  aorta., 

1  Briicke,  Verschluss  der  Kraiizsch'aqadern  dtirch  d.  Anrtenklaj)pen.    VVien,  1855, 

2  Hyrt],  Ueher  d.  Selhsisteuerung  d.  ticrztns.    Wien,  18,55. 

9  Rudinger,  Beitrmje  ziir  Median,  d.  Aortenklappen.    Erlangcn,  1857. 
*  Ceradini,  Der  Mechanismus  der  halbtnondformigen  Herzklappen.    Leipzig,  1872 
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the  pressure  of  blood  at  tlie  sides  of  the  aorta  is  gi-eater  than  in  the  rapidly 
moving  axial  layers. 

The  shape  of  the  relaxed  heart,  or  more  accurately,  of  the  two 
ventricles,  is  that  of  an  oblique  cone,  whose  base  (a  section  through 
the  auricular  ventricular  openings)  is  an  ellipse.  By  the  systole 
of  the  ventricles  the  shape  of  the  heart  is  altered  in  such  a  manner 
that  the  base  becomes  rounded,  and  the  formerly  oblique  axis  ver- 
tical, so  that  an  upright  cone  is  formed.  The  change  in  form  is 
accompanied  by  a  rotation  of  the  axis,  and  (owing  to  the  position 
of  the  heart  in  the  thorax)  a  tilting  up  of  its  apex,  which,  in  con- 
sequence, strikes  against  the  wall  of  the  chest  (Ludwig ').  The 
striking  of  the  cardiac  apex  against  the  thoracic  wall  may  also  be 
caused  by  the  so-called  recoil  which  is  communicated  in  a  reverse 
direction  to  every  moveable  body  out  of  which  a  fluid  is  pouring 
(Grutbrod,  Skoda  ^).  Both  causes  have  been  supposed  to  account 
for  the  cardiac  impulse  or  apex  beat,  which  may  be  seen  and  felt 
between  the  fifth  and  sixth  left  ribs,  a  little  to  the  inside  of  a 
vertical  line  drawn  through  the  nipple.  When  the  heart  strikes 
exactly  on  a  rib,  only  a  slight  quivering  is  noticed. 

The  Sounds  of  the  Heart. —  Over  the  exposed  heart,  or  when 
the  ear  is  applied  dii-ectly,  or  with  a  stethoscope,  to  the  praecardial 
region,  two  sounds  may  be  heard,  following  in  quick  succession — 
the  heart  sounds.  The  first  (systolic)  is  a  dull  sound,  loudest  in 
the  vicinity  of  the  ventricles,  and  lasts  as  long  as  their  systole 
continues.  Some  attribute  this  sound  to  the  vibration  of  the 
tense  membranous  aiuriculo-ventricular  valves,  whilst  others  sup- 
pose it  to  be  the  muscular  noise  of  the  contracting  heart  (Chap. 
VIII.)  That  the  noise  of  muscular  contraction  takes  a  part  in  the 
production  of  the  first  sound  is  known  by  the  fact  that  it  may 
be  heard  in  a  heart  which  has  been  cut  out  and  is  empty  of  blood 
(Ludwig  and  DogieP). 

[We  may  with  confidence  admit  that  the  causes  of  the  first  sound 
are  certainly  two,  viz.  (1)  the  impact  of  blood  against  the  closed 
auriculo-ventricular  valves,  and  (2)  the  contraction  of  the  mus- 
cular substance  of  the  heart ;  and  to  these  two  some  have  added 
a  third,  but  certainly  much  less  important  factor,  viz.  the  impact 
of  the  apex  against  the  thoracic  wall. 

The  contraction  of  the  heart  is  the  only  example  of  a  '  simple 
muscular  contraction '  occurring  in  the  living  healthy  body.  The 
evidence  upon  which  this  statement  is  based  is  the  following : — If 
the  leg  of  a  recently  killed  frog  be  taken,  and  the  yet  highly  irri- 
table sciatic  nerve  be  made  to  touch  both  the  auricular  and 
ventricular  surfaces  of  the  heart,  a  simple  muscular  contraction 

'  Ludwig,  Zeitschrift  f.  rat.  Med.    Bd.  vii.  p.  189. 

2  Skoda,  Auscultat.'u.  Percuss.    '2te  Aufl.  Wien,  1842,  p.  14/.  »   •      ^  i 

3  Liidwif!  und  Dogiel,  '  Ein  neuer  Versuch  Uber  dem  ersten  Herzton.'  Bencht  d.  A. 
sarhs.  Ge.i.  d.  Wissenschaft,  1868,  p.  89  ;  Ludwig's  Arbeiten,  &c.,  1868,  p.  78. 
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of  the  frog's  leg  follows  each  systole  of  the  heart.  As  this  result 
occurs  constantly  (pi-oviding  the  tissues  of  the  frog  be  sufficiently 
irritable),  i.e.  as  tetanic  contraction  is  never  induced,  this  proof 
afforded  by  the  so-called  rheoscopic  frog  is  believed  to  be  conclu- 
sive. There  is  a  difficulty  in  the  way  of  admitting  the  contraction 
of  the  heart  to  be  '  simple,'  which  must,  however,  be  stated.  A 
muscle  when  performing  a  simple  muscular  contraction  does  not 
emit  a  distinct  note,  the  muscular  noise  being  produced  by  a  suc- 
cession of  contractions  following  one  another  about  twenty  times 
per  second.  How  then  does  the  heart  muscle  emit  a  note  during 
contraction  ?    The  question  yet  remains  unanswered.] 

The  second,  diastolic,  sound  follows  immediately,  and  therefore 
occurs  at  the  commencement  of  the  ventricular  diastole.  It  is 
shorter  and  clearer  than  the  first  sound,  and  is  caused  by  the  sudden 
closure  of  the  aortic  and  pulmonary  semi-lunar  valves,  the  compe- 
tence of  which  is  necessary  to  its  production  (Williams 

The  cardiac  impulse  may  be  made  to  register  directly  the 
movements  of  the  heart.  For  this  purpose  an  air-tight  drum  is 
placed  against  the  chest  wall,  and  the  vibrations  of  the  air  con- 
tained in  it  are  propagated  by  a  suitable  arrangement  to  a  writing 
lever,  which  registers  them  upon  a  travelling  band  of  paper  ('  Car- 
diograph '  of  Marey).  The  arterial  pulse  serves  for  the  indirect 
registration  of  the  heart's  action  (see  Kymograph,  Sphygmograph). 

\_The  Cardiograph. — The  principle  upon  which  the  cardiograph 
is  constructed  will  be  understood  by  referring  to  fig.  3,  which 
represents  one  modification  of  the  original  cardiograph  of  Marey. 
A  is  the  cardiograph  proper ;  it  is  a  very  shallow  metallic  cup,  over 
the  upper  part  of  which  a  sheet  of  caoutchouc  has  been  stretched 
and  then  fastened  air-tight.  The  cup  A  has  attached  to  it  a  short 
metallic  tube,  over  which  a  narrow  elastic  tube  can  easily  be 
slipped  so  as  to  connect  it  with  the  apparatus  B. 

To  the  centre  of  the  caoutchouc  surface  a  is  fixed  a  light 
metallic  disk  h.  o-  is  a  bent  spring,  into  which  fits  a  screw  bearing 
the  ivory  or  vulcanite  knob  d.  By  altering  the  screw,  one  end  of 
it  can  be  made  exactly  to  touch  the  metallic  disk  b  ;  any  pressui'e 
applied  to  the  knob  d  will  then  cause  a  depression  of  the  elastic 
membrane  a. 

B  may  be  termed  the  recording  tambour.  It  is  a  metallic  cup, 
over  the  upper  surface  of  which  caoutchouc  is  stretched,  and  which, 
like  the  cardiograph,  has  a  metallic  tube  leading  from  it,  by  means 
of  which  it  can  be  connected  with  the  cardiograph.  To  the  elastic 
upper  surface  of  the  tambour  is  fixed  a  metallic  disk,  the  centre 
of  which  bears  the  fulcrum  of  the  light  wooden  lever  c,  which 
carries  at  its  free  extremity  a  light  metallic  or  quill  point. 

The  cardiograph  and  the  tambour  being  connected,  it  is  obvious 

'  Williams,  Pathnhgy  and  Diagnosis  of  the  Diseases  of  the  Chest,  4th  edit.,  1840  ; 
Report  of  the  British  Asuociation,  1837. 
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that  any  pressure  exerted  on  the  button  d  of  tlie  former  will  be 
communicated  to  the  elastic  membrane  against  which  it  presse-- 
and  that  air  being  forced  through  the  tube  /  into  the  tambour  b,' 
will  cause  the  membrane  of  the  latter  to  bulge,  and  will  naturally 
cause  the  wooden  lever  c  to  rise.  The  movements  of  the  latter 
will  therefore  indicate  the  time  at  which,  and  within  certain  limits, 
the  relative  amount  of  pressure  applied  to  the  knob  h.  A  graphic 
record  of  the  movements  of  the  lever  c  may  be  obtained  by  causing 
its  point  to  press  lightly  against  the  surface  of  a  revolving  cylinder 
covered  with  smoked  paper. 

If  the  knob  d  be. then  applied  to  the  part  of  the  thoracic  wall 
where  the  cardiac  impulse  is  most  distinctly  seen  and  felt,  a  tracing 
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A,  cardiograph,  connected  by  means  of  the  tube  /"with 
u,  recording  tambour. 

will  be  obtained  which,  in  particularly  favourable  cases,  presents  the 
chief  features  of  the  lowest  of  the  three  tracings  in  fig.  4. 

These  three  tracings  were  obtained  by  Chauveau  and  Marey  in 
an  experiment  on  the  horse.  A  small  elastic  bag,  connected  with 
a  tambour  similar  to  that  shown  in  fig.  3,  was  passed  through  the 
jugular  vein  into  the  right  auricle  of  the  heart  of  a  living  horse, 
and  another  bag  connected  with  another  tambour  was  passed  into 
the  right  ventricle  ;  whilst  a  cardiogi'aph  was  applied  to  the  chest 
wall,  where  the  cardiac  impulse  was  most  perceptible.  The  points 
of  the  three  levers  of  the  three  tambours  were  then  placed,  exactly 
one  above  the  other,  in  contact  with  a  smoked  rotating  disk ;  the 
three  tracings  were  then  obtained,  of  which  the  upper  (marked  a) 
indicates  the  increase  of  pressure  within  the  auricle  con  esponding 
to  contraction  of  the  auricle;  the  middle  (marked  v)  that  of  the 
ventricle,  and  the  lowest  (marked  ci)  the  cardiac  impulse.  It 
will  be  seen  that  at  the  time  of  auricular  systole,  indicated  by 
the  first  high  curve  in  the  upper  tracing,  there  is  a  faint  but  yet 
perceptible  rise  in  lowest  line  traced  by  the  lever  of  the  cardio- 
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graph-tambour.  This,  however,  commences  to  risQ  in  a  remark- 
able manner  at  s  v,  where  the  dotted  ordinate  cuts  the  line,  and  an 
irregular  curve  of  considerable  extent  is  traced ;  this  curve,  in  the 


Fig.  4. 


TRACINGS  OF  THE  AUKICULAR  AND  VENTRICULAR  ENDOCARDIAL  PRESSURE, 
WITH  SIMULTANEOUS  CARDIOGRAPH  TRACING  (MAREV). 

A  (highest  line)  indicates  the  changes  in  pressure  in  the  auricle.  The 
line  is  marked  by  one  abrupt  curve  caused  by  the  auricular  sj'stole. 

V  (middle  line)  indicates  the  chanjjes  in  pressure  in  the  ventricle. 

C  I  (lowest  line)  indicates  the  tracing  of  the  cardiac  impulse  obtained  by 
means  of  the  cardiograph.  The  lir.-t  dotted  ordinate,  as,  cuts  the 
sinuous  line  at  the  time  when  auricular  systole  commences.  The 
second  dotted  ordinate,  sv,  cuts  it  when  ventricular  systole  commences. 

cardiograph  tracing,  is  observed  to  coincide  with  that  in  the  second 
tracing,  which  is  caused  by  the  ventricular  systole.] 

Movement  of  the  Blood  in  the  Vessels. 

Causes. 

If  we  imagine  the  vascular  system  filled  with  blood,  but  with 
every  impulse  to  motion  absent,  the  blood  will  stand  everywhere 
within  it  under  equal  pressure,  which,  however,  is  greater  than 
would  be  caused  by  its  own  weight — a  proof  that  the  volume  of 
the  blood  is  greater  than  the  natural  capacity  of  the  vascular 
system  (Brunner  ').  If  in  such  a  system  the  pressure  be  suddenly 
made  unequal  in  two  places,  a  current  will  be  immediately  set  up 


I  Brunner,  Die  mittlere  Spannung  im  Gej&sssystem.   ZUrich,  1854. 
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from  the  point  of  greater  to  that  of  less  pressure.  The  less  the 
opposition  to  this  adjustment  of  pressure,  the  more  rapidly  does  it 
take  place,  and  the  greatei-,  consequently,  the  speed  of  the  current. 
At  any  given  moment  during  this  process  of  adjustment  the  dif- 
ference of  pressure  still  remaining  must  be  greater  the  greater  the 
resistance.  It  is  moreover  easy  to  see  that,  other  things  being 
equal,  the  speed  of  the  current  will  increase  with  the  difference  in 
pressure.  A  constant  inequality  of  pressure  is  caused  in  the  dif- 
ferent portions  of  the  vascular  system  by  the  movements  of  the 
heart,  which  thus  produce  the  circulation  of  the  blood. 

Imagining  the  system  to  have  been  at  rest,  the  first  systole 
would  press  a  certain  quantity  of  blood  (the  contents  of  the  left 
ventricle,  see  below),  just  removed  from  the  venous  system,'  into 
the  elastic  arterial  system,  thus  raising  the  pressure  in  the  same. 
This  increased  pressure  would  immediately  equalise  itself,  through 
the  capillaries,  with  the  diminished  pressure  in  the  venous  system, 
if  the  blood  did  not  meet  with  sensible  resistance  by  friction  ^ 
against  the  walls  of  the  smaller  vessels,  particularly  of  the  capil- 
laries ;  this  so  delays  the  passage  through  the  capillaries  that  the 
second  systole  follows  before  the  adjustment  is  completed,  causing 
an  increased  pressm'e  in  the  arterial  system.  The  same  occurs  at 
each  succeeding  systole,  the  repletion  of  the  arterial  system,  and, 
at  the  same  time,  the  pressure  of  the  blood  from  the  dilatation  of 
the  elastic  arterial  walls,  thus  becoming  greater  and  greater.  The 
increasing  difference  of  pressure,  however,  tends  to  drive  the  blood 
more  and  more  quickly  through  the  capillaries,  and  it  becomes  at 
last  so  great  that  as  much  blood  is  pressed  through  the  capillaries 
during  the  period  between  two  systoles  as  each  systole  pours  into 
the  arterial  system.  Under  these  circumstances  no  increase  of 
pressure  can  take  place;  the  difference  in  pressure  now  existing 
between  the  arterial  and  venous  systems  is  a  constant  one ;  it 
causes  a  continuous  stream  through  the  capillaries,  carrying  through 
them  just  so  much  blood  as  the  heart  rhythmically  empties  into 
the  arteries.  The  rhythmic  transfer  from  the  venous  into  the 
arterial  system  is  thus  converted  into  a  continuous  current  from  the 
arterial  into  the  venous  system,  through  the  capillaries  (E.  H.  Weber  ).^ 

1  For  the  purposes  of  the  following  explanation,  the  right  auricle  is  considered  as  open- 
ing into  the  left  ventricle,  the  pulmonary  circulation,  including  the  right  ventricle  and  left 
auricle,  being  left  out  of  the  question. 

2  The  resistance  to  a  fluid  running  through  a  tube,  provided  that,  like  water  or  blood, 
it  adheres  to  (wets)  the  wall,  is  not  caused  by  the  friction  against  the  wall,  but  by  the  so- 
called  '  internal  friction.'  The  outer  layer  of  such  a  fluid  reniaiua  entirely  without  motion. 
If  we  imagine  the  whole  mass  to  consist  of  very  thin  concentric  layers,  that  layer  which  is 
next  to  the  immovable  one  must  rub  jigainst  it,  and  so  the  others,  each  against  the  one 
immediately  outside.  Every  such  contact  causes  resistance  by  friction  (internal  friction '), 
and  thus  consumes  a  portion  of  the  motive  power — that  is,  converts  it  into  heat ;  each 
laver  is  consequently  delayed  in  its  course,  and  the  outer  ones  must  naturallj'  be  the  most 
delayed,  the  inner,  therefore,  the  least :  consequently  the  speed  is  greatest  at  the  axis.  It 
follows  that  the  delay  of  the  axial  layer  will  be  greater  in  narrow  than  in  wide  tubes. 

3  15.  H.  Weber,  Ber.  d.  k.  s'dchs.  Ges.  d.  Wissenschaft.  Math.  phys.  CI.,  1850,  p.  164; 
Archiv.f.  Anat.  u.  Phys.,  1851,  p.  497  ;  1853,  p.  156. 
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The  contents  of  the  left  ventricle,  that  is,  the  quantity  of  blood  pumped  out 
during  one  systole,  has  been  calculated  variously  at  from  150  to  100  grammes. 
The  folloAving  are  the  principal  methods:  1.  (Legallois,  Oolin.)    The  contents 
of  the  ventricle  may  be  directly  measured  by  tilling  the  ventricle,  before  rigor 
mortis  sets  in,  with  a  fluid  of  Imown  specific  gravity,  and  weighing  before  and 
after:  in  this  case,  as  it  is  impossible  to  imitate  the  normal  pressure  of  the  heart, 
the  residt  is  valueless.    2.  (Volkmann.^)    The  diameter  of  the  aorta,  and  the 
speed  of  the  current  of  blood  within  it,  are  used  to  calcidate  how  high  a  column 
of  blood  the  heart  expels  during  a  unit  of  time ;  knowing  the  frequency  of  the 
pulse,  the  quantity  emptied  during  each  systole  is  found  to  be  about  ^--^  of  the 
weight  of  the  body  ;  that  is,  in  a  body  weighing  75  kgi-ms.  =  187'5  grms. 
3.  (Vierordt.^)    Given  the  speed  of  the  blood  in  any  section  of  the  arterial 
sj'stem,  the  area  of  that  section,  and  also  the  area  of  the  aorta,  the  mean  speed 
in  the  latter  can  be  calculated,  and  also  the  quantity  of  blood  discharged  fi-om 
the  left  ventricle  duruig  a  imit  of  time,  since  the  speed  in  any  two  sections  is  in 
inverse  relation  to  their  contents.    The  quantity  of  blood  wlaich  the  right  ven- 
tricle drives  into  the  pulmonary  arterial  system  must  be  verj'  nearly  the  same 
as  that  expelled  by  the  left,  because  the  same  quantity  of  blood  flows  through 
every  section  of  the  vascular  system  during  the  same  time  (see  below),  and  both 
sides  of  the  heart  contract  synchronoiisly. 

The  distension  of  the  arteries  and  the  slackness  of  the  veins 
show  in  the  simplest  manner  how  much  higher  is  the  tension 
(blood  pressure)  in  the  arterial  than  in  the  venous  system  ;  this  is 
also  shown  by  the  height  of  the  jet  of  blood  issuing  from  an  open 
vessel ;  from  a  vein  this  is  seldom  of  a  notable  height,  whilst  the 
blood  from  an  artery,  on  the  other  hand,  spurts  to  the  height  of 
several  feet. 

Absolute  determinations  of  the  pressure  of  the  blood  may  be 
made  by  connecting  the  vessel  laterally  with  a  manometer :  or  the 
blood  itself  may  be  employed  as  the  manometric  fluid,  by  letting 
it  rise  in  a  vertical  tube,  and  measuring  the  height  of  the  column 
(Hales  It  is  much  more  advantageous,  however,  to  use  the 
mercurial  manometer  (Poiseuille '')  as  an  '  hsematodynamometer,' 
placing  a  solution  of  sodium  bicarbonate  between  the  blood  and 
the  mercury  to  prevent  coagulation.  A  priori,  it  follows  that  the 
blood  pressure  (that  is,  the  mean  pressure,  apart  from  the  fluctua- 
tions of  the  pulse  wave)  at  one  and  the  same  spot  of  the  arterial 
system  will  increase : 

1.  With  the  fulness  of  the  vascular  system,  that  is,  with  the 
quantity  of  blood. 

2.  With  the  frequency  and  force  of  the  contractions  of  the 
heart,  for  the  greater  the  quantity  of  blood  pumped  by  the  heart 
from  the  veins  into  the  arteries,  the  greater — as  is  shown  above— 

2  Volkmann,  7)/e  Hmmodynamih  nach  Versuchen,  p.  206,  Leipzig,  1850. 

iA«  il'  -^'f„.-f'"«c/'emun<7e«  und  Gesetze  der  Stromgeschwindgkeiten  des  Bbiles, 
p.  lOd,  I'rankfort,  18o8.  ' 

3  StfUical  Essmjs,  containing  Hcemaataiics,  or  an  Account  of  sovie  HydravUc  and  Hi/dros- 

HnTp"  ^TTu^i"  T'^"  "M''"  ^'"'"^  "'"^  Bloodvessels  of  Animals,  §-c.    By  Stephcu 
Hale.,  D.U.  I..K  8.,  KcctorofFnrnngdon.    2nd  edition,  London,  1740.  . 
1  oiseuUle,  J.  L.  31.,  '  Keclierches  sur  la  force  du  ccjeur  aortique.    Paris,  1820. 
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will  be  the  constaut  difference  in  tension  between  the  venous  and 
the  arterial  systems. 

[3.  With  the  resistance  which  has  to  be  overconae  in  forcing 
the  blood  from  the  arteries  into  the  veins.  This  resistance  is  con- 
ditioned chiefly  by  the  state  of  contraction  or  dilatation  of  the 
smaller  arteries.  When  these  are  relaxed,  the  amount  of  blood 
which  finds  its  way  from  the  arteries  into  the  veins  between 
successive  systoles  is  much  greater  than  when  they  are  relaxed  ; 
the  arteries,  therefore,  become  less  distended,  i.e.  the  arterial 
pressure  falls.  On  the  other  hand,  when  the  small  arteries  are 
contracted  the  arterial  pressure  rises  and  the  venous  falls.  Of  the 
three  factors  now  under  discussion,  the  third  is  the  one  which  un- 
doubtedly exerts  the  greatest  influence  in  leading  to  rapid  changes 
of  the  arterial  pressure.] 

The  tension,  moreover,  must  vary  in  different  parts  of  the 
arterial  system.  Since  any  opposition  hinders  the  equalising  of 
the  difference  in  tension,  the  resistance  offered  in  any  one  portion 
of  artery  by  the  friction  against  its  walls  has  an  influence  on  the 
tension  of  that  particular  portion  of  the  arterial  system  similar  to 
that  of  the  capillaries  on  the  general  tension  of  the  arterial  and 
venous  systems.  The  tension  must  always  be  greater  before  any 
point  of  opposition  than  after  it  has  been  passed.  It  follows,  there- 
fore, that  the  blood  pressure  in  the  arterial  system  gradually 
diminishes  from  the  left  ventricle  to  the  capillaries ;  that  the 
diminution  is  most  rapid  where  there  is  the  greatest  resistance, 
that  is,  where  contractions  occur,  and  where  branches  are  given  off 
from  the  trunk,  especially  if  at  considerable  angles ;  and  that, 
lastly,  the  pressure  in  the  principal  arterial  trunks,  on  account  of 
their  size  and  the  small  number  of  their  branches,  remains  very 
nearly  identical  with  that  of  the  bulbus  aortse,  whilst  it  diminishes 
in  the  smaller  arteries  (H.  Jacobson).  Finally,  on  account  of  the 
less  resistance  offered  by  the  capillaries  of  the  lungs  as  compared 
with  the  capillaries  of  the  body,  the  difference  in  tension  between 
the  pulmonary  arteries  and  veins  will  be  less,  and  the  pressure  in 
the  pulmonary  arteries  will  therefore  also  be  less,  than  in  the  sys- 
temic arteries,  since  the  quantity  of  blood  rhythmically  pumped 
over  is  the  same  in  each. 

[^Methods  of  determining  the  Blood  Pressure  in  Arteries 

and  Veins. 

As  has  been  already  said.  Hales  determined  the  pressure 
exerted  by  the  blood  upon  the  wails  of  the  arteries  and  veins 
through  which  it  flowed,  by  tying  a  glass  tube  into  the  blood- 
vessel, and  observing  to  what  height  the  blood  rose.  Naturally, 
the  blood  would  continue  to  rise  in  the  tube  until  the  column  of 
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Fig.  5. 
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blood  in  it  exactly  counterbalanced  the  pressure  within  the  blood- 
vessel. Owing  to  the  comparatively  low  specific  gravity  of  the 
blood,  the  height  of  this  column  was  in  the  case  of  arteries  incon- 
veniently high;  the  blood  rising  in  a  tube  commimicating  with 
the  crural  artery  of  a  horse  above  eight  feet  high.  To  avoid  the 
inconveniences  attending  the  method  employed  by  Hales,  Poiseuille 
made  use  of  a  mercurial  gauge  or  manometer  for  the  determina- 
tion of  the  blood  pressure,  applying  to  it  the  term  '  hsematodyna- 
mometer.'  This  instrument  consisted  essentially 
of  a  U-shaped  glass  tube  (fig.  5),  the  two  limbs 
of  which  were  furnished  with  a  divided  scale. 
Into  the  U-shaped  tube  was  poured  mercury. 
The  bent  limb  A  was  connected  with  the  blood- 
vessel in  which  the  blood  pressure  had  to  be 
determined  by  means  of  an  intermediate  tube 
and  a  cannula  filled  with  solution  of  sodium  car- 
bonate so  as  to  prevent  coagulation  of  any  blood 
which  entered.  The  upright  tube  was  open.  As 
long  as  the  pressure  in  a  and  b  in  such  an  in- 
strument is  the  same,  the  mercury  obviously 
stands  at  the  same  level  in  both  tubes ;  an  in- 
crease of  pressure  in  a  will  cause  the  mercury 
to  fall  in  limb  a  and  to  rise  in  limb  b.  Now  if 
the  scales  attached  to  the  two  limbs  be  divided 
into  the  same  imits  of  length,  and  if  the  zero 
correspond  with  the  level  of  the  mercury  in  the 
two  tubes  when  the  pressure  is  equal,  then  any 
difterence  in  pressure  may  be  ascertained  and 
estimated  in  units  of  the  scale  (millimetres  or 
inches)  by  adding  together  the  readings  on  the 
two  scales,  or  simply  by  reading  the  height  to 
which  the  mercury  has  risen  in  limb  a  above 
the  zero,  and  then  multiplying  by  two. 

Although  the  mean  value  of  the  blood  pres- 
sure does  not  usually  vary  remarkably  within 
very  brief  intervals  of  time,  yet  the  blood  pres- 
sure in  arteries  does  undergo  rhythmical  varia- 
tions which  correspond:  (1)  With  each  systole  of 
the  left  ventricle ;  and  (2)  with  each  act  of  re- 
spiration; and  these  are  sufficient  to  keep  the 
mercury  in  the  manometer  in  a  perpetual  state  of 
oscillation,  individual  oscillations  following  one 
another  so  rapidly  as  to  render  it  very  difficult  or  even  impossible 
to  observe  them  with  the  naked  eye.  In  order  to  render  it  possible  to 
observe  carefully  the  mean  blood  pressure  and  the  changes  which  it 
is  continually  undergoing,  Ludwig  modified  the  haBmatodynamo- 
meter  so  as  to  cause  it  to  record  the  movements  of  the  mercury 
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upon  a  travelling  sheet  of  paper.  To  this  instrument  the  name  of 
Kymographion  (wave-recorder)  has  been  given.  One  of  the  many 
forms  of  this  instrument  is  shown  in  the  annexed  fig.  6. 

In  the  drawing,  a  represents  the  mercurial  gauge  containing 
mercury ;  the  shorter  limb  has  attached  at  right  angles  to  it  a  glass 
tube,  to  which  is  connected  a  flexible  (usually  leaden)  tube  a,  which 
terminates  in  a  metallic  or  glass  cannula,  which  can  be  introduced 
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MERCURIAL  KYMOGRAPHION. 

A  is  the  mercurial  gauge. 

B  is  a  cj'linder  which  is  driven  hy  clockwork. 

c  is  the  free  limb  of  tlie  mercurial  manometer,  containing  the  ebonite 
float  c  d. 

d  is  the  writing  point  of  the  ebonite  float. 

e  line  of 'no  pressure'  traced  hy  the  writing  point. 

/  curve  indicating  the  fluctuations  in  the  arterial  pressure :  the  large 
curves  correspond  with  the  respirations,  the  small  ones  with  the  con- 
tractions of  the  left  ventricle. 

h  elastic  tube  connecting  the  mercurial  manometer  with  a  reservoir  of 
solution  of  sodium  bicarbonate. 

a  flexible  tube  with  arterial  cannula  attached. 

into  an  artery  or  vein.  The  shorter  limb  is  continued  up  for  a 
short  distance  above  the  T-piece  to  which  a  is  attached,  and  is 
connected  by  means  of  an  elastic  tube  h  with  a  reservoir  contain- 
ing solution  of  bicarbonate  of  soda;  the  elastic  tube  may  be  opened 
or  shut  by  means  of  the  clamp  shown  below  the  letter  h. 

On  the  surface  of  the  mercury  in  the  longer  limb  c  there  floats 
a  light  ebonite  float  cd\  to  this  float  there  is  attached  a  light 
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camel's-hair  pencil  moistened  with  ink.  This  pen  is  made  to  press 
gently  against  a  surface  of  paper  wound  round  the  cyHnder  B, 
which  can  be  made  to  rotate  at  a  uniform  rate  of  speed. 

By  opening  the  clamp  placed  on  the  flexible  tube  6,  it  is  easy 
to  fill  the  upper  part  of  the  short  limb  of  A  and  the  tube  a  with 
solution  of  sodium  bicarbonate,  after  which  the  clamp  is  shut. 
As  the  upper  part  of  the  short  limb  a  now  contains  a  short  column 
of  solution  of  bicarbonate  of  soda,  this  will  cause  the  mercury  to 
rise  slightly  in  tube  c,  and  accordingly  the  float  will  rise  and  will 
carry  with  it  the  writing  point  d.  The  latter  being  pressed  gently 
against  the  paper  covering  the  cylinder,  a  horizontal  unbroken 
line  represented  by  e  is  traced ;  it  is  traced  by  the  pen  at  a  time 
when  both  a  and  c  are  open. 

The  end  of  a  being  now  closed,  the  clamp  h  is  opened,  and  solu- 
tion of  sodium  bicarbonate  is  allowed  to  flow  into  a  until  the  dif- 
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TRACINGS  OF   THE  VARIATIONS  IN   THE  ARTERIAL   PRESSURE,  TAKEN  WITH  THE 

MERCURIAL  KYMOGRAPH. 

(The  upper  is  from  the  carotid  artery  of  a  dog,  the  lower  from  that  of  a  rabbit.) 


ference  in  the  height  of  the  mercury  in  the  two  limbs  is  about 
equal  to  the  estimated  blood  pressure  ;  the  cannula  attached  to  a 
is  now  introduced  into  the  artery  or  vein.  Let  us  assume  that  an 
artery  is  chosen.  That  vessel  having  been  exposed,  a  ligature  is 
applied  to  the  distal  end  of  the  exposed  part,  and  a  spring  clamp 
to  the  proximal.  An  incision  having  been  made  into  the  inter- 
mediate part,  the  cannula  is  introduced  and  then  tied  in.  The 
clamp  on  the  proximal,  cardiac,  end  is  now  removed ;  at  once  the 
mercury  in  the  free  limb  of  the  manometer  or  gauge  begins  to 
oscillate,  and  the  writing  point  d  begins  to  trace  a  sinuous  line  /, 
the  height  of  which  above  the  Hne  e  indicates  the  variations  which, 
the  blood  pressure  undergoes  as  well  as  its  absolute  amount.  In 
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the  diagram  we  observe  that  /  presents  large  sweeping  curves,  each 
of  which  is  marked  by  very  numerous  small  curves ;  the  former,  as 
we  shall  afterwards  state  more  particularly,  represent  the  changes 
in  the  blood  pressure  which  correspond  with  the  respirations,  the 
latter  those  which  are  dependent  upon  the  state  of  the  heart. 

In  fig.  7  are  seen  two  exact  copies  of  tracings  obtained  by 
means  of  the  kymographion,  the  upper  one  indicating  the  variations 
in  pressure  in  the  carotid  artery  of  a  dog,  the  lower  one  that  of  a 
rabbit. 

Fig.  8. 
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FICIC'S  MASUllETJiK. 

A  hollow  spring  filled  with  alcohol. 

B  StOp-Cnck.  ,      .  ,         .  rl 

I  free  end  of  hollow  spring  connected  with  series  of  levers. 

c  lever  bearing  the  writing  point  e,  which  is  made  to  press  against  the 

revolving  smoked  cylinder. 
1)  flexible  tube  connected  with  artery. 

The  height  of  the  blood  pressure  at  any  given  time  during  an 
experiment  can  be  found  by  drawing  ordinates  from  the  curve 
traced  at  that  time  to  the  line  of  no  pressure,  and  multiplymg  the 
result  by  two.  ^ 

.    The  oscillations  of  the  mercury  m  the  mercurial  kymographion, 
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although  of  approximately  the  same  duration  as  the  pressure  fluc- 
tuations which  give  rise  to  them,  give  no  exact  indication  of  the 
actual  extent  of  these  fluctuations  ;  because  the  mercury,  on  account 
of  its  inertia,  sets  up  oscillations  of  its  own.  In  order  to  ascertain 
the  course  of  the  fluctuations  in  pressure,  other  manometers  ar^ 
used;  for  instance,  a  bent  elastic  tube  filled  with  fluid  which  is 
expanded  by  pressure  upon  its  contents  (Bourdon's  manometer, 
Fick's  kymographion). 

In  the  accompanying  diagram  (fig.  8)  is  shown  one  form  of 
Fick's  manometer,  a  is  a  hollow  spring  which  is  filled  with  alcohol. 
At  B  there  is  usually  a  tap.  d  is  a  flexible  leaden  tube.  At  h  the 
free  end  of  the  hollow  spring  is  communicated  to  a  series  of  levers, 
and  through  them  to  the  writing  point  e,  which  may  be  made  to 
press  gently  against  a  blackened  revolving  disk.  When  the  contents 
of  the  spring  are  subjected  to  increased  pressure,  the  spring  tends 
to  open,  the  end  h  rises,  and  consequently  e  rises  also. 

Below  is  a  tracing,  taken  with  Fick's  manometer,  of  the  pressure 
in  an  artery. 


Fig.  9. 


TRACING  OF   THE  CHANGES  IN  ARTERIAL   PRESSURE  CORRESPONDING 
TO  BACH  CARDIAC  SYSTOLE,  TAKEN  WITH  FICJC's  MANOStETBR. 

The  mean  arterial  pressure  in  the  carotid  artery  of  the  dog 
varies  between  130  and  IQO™"'  (5*  1-7*5  inches);  in  the  rabbit  it 
varies  between  50  and  90™°". 

In  the  brachial  artery  of  man  the  arterial  pressure  has  been 
actually  determined  (Faivre)  to  be  110-120™°'  (4-3-4-7  inches), 
but  the  results  are  almost  certainly  too  low,  having  been  obtained 
in  eases  of  amputation  in  persons  enfeebled  by  disease  and  loss  of 
blood.  In  the  human  aorta  the  blood  pressure  has  been  estimated  at 
250™™  of  Hg  (9-8  inches),  and  we  may  assume  that  in  the  carotid 
artery  of  man  it  will  be  about  6  inches  ;  these  numbers  can  only, 
however,  be  looked  upon  as  approximations  to  the  truth. 

In  the  pulmonary  artery  the  arterial  pressure  is  said  to  be 
about  one-third  as  high  as  in  the  larger  systemic  arteries.] 

The  tvork  done  by  the  Heart.— The  work  done  by  the  rigfht  ventricle  {i.e.  the 
product_  of  the  mass  of  blood  raised  into  the  hei{?ht  to  which  it  is  raised)  is 
(three  times)  less,  and  its  muscular  coat  therefore  thinner,  than  that  of  the  left. 
The  work  of  one  systole  of  the  latter,  reckoning  the  quantity  of  blood  at  175 
grm3.,and  the  aortic  pressure  at  250™-"  Ilg  (  =  3  mtr.  of  blood)  maybe  reckoned 
at  0-525  of  a  kilogrammetre,  and  the  work  of  twenty-four  houi-s  (seventy-five 
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systoles  in  the  minute)  at  56,700  kilogrammetres.  The  work  of  the  whole  heart, 
therefore,  amounts  to  about  75,G00  kilogrammetres.  Since,  tlierefore,  the 
weight  of  the  heart  is  292  grms.,  it  would  raise  its  own  weight  10,788  mtrs.  in 
one  hour.  As  already  shown,  the  whole  of  this  work  is  converted  into  heat  by 
friction  in  the  vessels.  Concerning  the  means  which  exist  for  preserving  a  con- 
stant pressure  of  blood,  see  below. 

The  Pulse. — The  continuous  stream  of  blood  through  the  capil- 
laries presupposes  an  almost  constant  tension  of  the  arteries  leading 
immediately  into  them,  so  that  in  these  the  increase  of  pressure 
corresponding  to  the  systole  can  be  scarcely  appreciable.  Follow- 
ing the  arterial  system,  however,  backwards  to  the  heart,  we  find 
in  every  portion  of  it  a  regular  fluctuation  in  pressure ;  that  is,  an 
increase  of  pressure  corresponding  to  the  systole,  and  a  diminution 
answering  to  the  diastole.    This  fluctuation  of  pressure,  which  can 
be  easily  demonstrated  in  any  artery,  is  the  more  considerable  the 
nearer  it  is  to  the  heart,  and  therefore  is  greatest  at  the  commence- 
ment of  the  aorta  (and  pulmonary  artery),  and  least,  almost  un- 
noticeable,  in  the  terminal  arteries ;  this  fluctuation  of  pressure  is 
called  the  pulse.    It  does  not  occur  synchronously  throughout  the 
whole  arterial  system,  but  each  phase  of  it  (for  instance,  its  maxi- 
mum) shows  itself  first  nearest  the  heart ;  that  is,  the  fluctuation 
in  pressure  travels — in  the  form  of  a  wave — from  the  heart  to  the 
capillaries  through  the  arteries,  losing  constantly  in  intensity.  For 
the  blood,  pressed  during  systole  into  the  commencement  of  the 
arterial  system,  at  first  increases  the  tension  in  that  part  alone ; 
the  next  moment,  however,  this  portion  of  the  artery — distended 
beyond  its  diastolic  volume — tends  to  relieve  itself  of  its  excess  by 
its  elasticity :  the  return  of  the  blood  is  prevented  by  the  closure 
of  the  semilunar  valves ;  the  surplus  is  therefore  forced  forwards, 
and,  as  in  any  elastic  tube,  the  distension  travels  on  towards  the 
capillaries.    If  the  arterial  system  ended  in  closed  tubes,  it  is  plain 
that  the  wave  would  run  to  the  end  in  undiminished  size,  and  be 
then  reflected  back  again.    But  since  the  continual  drain  through 
the  capillaries  constantly  diminishes  the  systolic  excess  in  the 
arterial  system,  so  that,  according  to  Weber's  theory,  it  entirely 
disappears  before  the  following  systole,  the  wave,  during  its  course, 
becomes  gradually  smaller,  until,  at  the  end  of  its  journey,  it  dis- 
appears.   In  certain  cases,  however,  the  pulse  wave  passes  into  the 
capillaries,  and,  through  these,  even  into  the  veins  ;  that  is,  in 
other  words,  in  certain  cases  the  plan  described  above  is  not  carried 
out  perfectly:  the  stream  through  the  capillaries  becomes  no 
longer  continuous,  but  the  cardiac  rhythm  rules  even  in  them  : — 
this  takes  place  when  the  resistance  of  an  artery  is  diminished  by 
its  sudden  enlargement,  so  that  the  balance  hitherto  existing 
between  the  resistance  and  the  diff'erence  in  tension  of  the  arterial 
and  venous  systems  b6comes  locally  disturbed,  as,  for  instance,  by 
the  division  of  the  vaso-motor  nerves  (Bernard). 
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The  speed  of  transmission  of  the  pulse  wave  (not  to  be  con- 
founded with  the  speed  of  the  blood  current,  to  be  afterwards  con- 
sidered) may  be  measured  with  a  watch,  by  comparing  the  moment 
of  passage  of  the  wave  in  a  distant  artery  with  the  moment  of 
systole,  or  with  the  moment  of  the  pulse  in  an  artery  near  the 
heart.  In  round  figures  it  may  be  said  that  the  pulse  wave  travels 
at  the  rate  of  9  metres  or  29-5  feet  per  second  (according  to  E.  H. 
Weber  its  average  rate  being  28-5  feet).  [The  pidse  wave  is 
caused  by  an  event — the  systole  of  the  left  ventricle,  which  lasts 
about  one-third  of  a  second.  As  the  wave  travels,  approximately 
at  the  rate  of  9  metres  per  second,  it  is  obvious  that  the  commence- 
ment of  the  wave  must  have  travelled  to  the  furthest  limits  of 
the  arterial  system  before  the  end  of  the  wave  has  left  the  point 
where  it  originates  ;  it  may  further  be  shown  that  the  length  of 
the  crest  of  the  pulse  wave  must  be  greater  than  that  of  the  arte- 
rial system.] 

In  investigating  the  nature  and  phenomena  of  the  pulse,  both 
the  changes  in  pressure  of  the  blood  contained  within  the  living 
arteries,  and  the  increase  in  size  which  occurs  in  every  artery 
during  the  passage  of  the  pulse  wave,  are  the  objects  of  observation. 
Naturally,  it  is  only  in  the  case  of  the  lower  animals  that  we  can 
employ  those  instruments  of  research  which  teach  us  the  exact 
changes  which  take  place  in  the  blood  pressure  under  the  influence 
of  the  pulse  wave  ;  of  these  instruments  Fick's  manometer  and 
Marey's  sphygmoscope  furnish  the  most  reliable  information.  The 
more  precise  study  of  the  pulse  in  the  human  subject  is  carried 
out  with  the  help  of  sphygmographs  ;  the  first  of  these  instruments 
was  devised  by  Vierordt,  but  it  has  been  superseded  by  the  sphyg- 
raograph  of  Marey.  [The  principle  of  Marey's  sphygmograph  may 
be  learned  by  consulting  the  appended  diagram,  fig.  10. 


Fig.  10. 


SCHEMA  OF  THE  SVUYGMOGRAl'H. 


A  represents  the  artery  whi(;h  is  indirectly  pressed  upon  by  the  spring  b,  which 
through  c  transmits  its  movements  to  the  lever  od;  h  is  the  writing-point 
tracing  the  pulse  curve  oq  a  smoked  piece  of  glass. 

In  this  instrument  we  have  a  spring  which  is  placed  over  the 
artery  (usually  the  radial)  so  as  to  follow  the  vessel  in  its  dilata- 
tion and  contraction,  and  this  spring  communicates  its  movements 
to  a  sensitive  lever  furnished  at  its  free  extremity  with  a  writing- 
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point  which  inscribes  its  movements  on  a  tablet  which  can  at  will 
be  made  to  pass  at  a  uniform  rate  of  speed  in  front  of  it. 

If  we  examine  a  tracing  taken  with  the  sphygmograph  of  the 
movements  of  the  radial  artery  (see  fig.  10),  we  o"bserve  that  the 
lever  has  traced  a  series  of  curves,  each  of  which  corresponds  with 


Fto.  11. 


a  single  contraction  of  the  left  ventricle,  with  a  single  pulse  wave. 
The  line  of  ascent  has  been  traced  by  the  lever,  dm-ing  the  dis- 
tension, by  the  pulse  wave,  of  the  portion  of  artery  over  which 
the  instrument  has  been  placed  ;  and  its  abruptness  indicates  that 
this  act  is  one  which  takes  place  much  more  rapidly  than  that 
which  is  indicated  by  the  more  slowly  falling  line  of  descent  traced 
by  the  lever.  As  we  look  at  this  line  of  descent  we  often  observe 
that  it  is  broken  by  two  or  more  secondary  rises,  which  lead  us  to 
conclude  that  on  the  great,  or,  as  we  may  term  it,  fundamental 
pulse  wave,  there  are  superposed  other  minor  waves. 

The  descending  stroke  in  the  pulse  curve  is  traced  by  the  lever 
as  the  artery,  which  had  for  a  moment  been  disturbed  by  the  great 
pulse  wave,  is  returning  more  gradually  to  its  normal  condition. 
What  is  the  nature  of  the  wavelets  which  appear  to  indicate  that 
once  or  twice,  or  sometimes  even  oftener,  the  emptying  artery 
undergoes  temporary  increases  of  tension  ? 

Of  these  secondary  waves  one  is  more  constant  than  the  others; 
it  is  distinctly  seen  in  fig.  11.  It  is  termed  the  dicrotic  ivave,  and 
is  present  in  all  satisfactory  pulse  tracings  ;  it  is  observed  in  an  ex- 
ceedingly exaggerated  form  in  some  cases  of  disease  in  which  the 
pulse  appears  to  the  skilled  touch  of  the  educated  physician  to 
be  double,  the  touch  appreciating  that  two  distinct  distensions 
of  the  artery  correspond  to  each  ventricular  systole.  The  latter 
morbid  condition  (dicrotism)  has  long  been  known  to  physicians, 
and  is  merely  an  exaggeration  of  the  normal  dicrotism  which 
the  study  of  sphygmographic  tracings  has  revealed.  The  dicrotic 
rise  has  by  many  been  supp  sed  to  be  produced  by  a  reflected  wave 
of  blood  setting  in  from  the  peripheral  arteries  and  flowing  t  )wards 
the  heart.  Were  this  view  correct,  the  dicrotic  rise  should  bear 
a  different  relation  to  the  commencement  of  the  great  pulse  wave 
in  the  different  arteries  ;  but  it  would  appear  that  no  such  difi'erence 
is  to  be  observed,  the  dicrotic  distension  following  the  primary  dis- 
tension at  an  equal  interval  in  all  arteries,  whether  near  to  or  far 
from  the  heart.  We  may,  then,  almost  certainly  conclude  that 
the  dicrotic  rise  is  not  due  to  a  reflected  wave. 
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Although  the  fact  is  not  admitted  by  all,  the  bulk  of  the  evi- 
dence appears  to  be  in  favour  of  the  view  that  the  dicrotic  rise 
coincides  in  point  of  time  very  closely  with  the  closure  of  the  aortic 
valves.  Admitting  this,  it  would  appear  probable  that  the  dicrotic 
wave  is  connected  with,  or  generated  by,  the  impact  of  blood  against 
the  closed  semilunar  valves  and  against  the  commencement  of  the 
aorta ;  the  elastic  rebound  of  the  walls  of  which  at  this  time  pro- 
bably reinforces  the  dicrotic  wave. 

There  is  another  rise  which  is  observed  almost  as  frequently  as 
the  dicrotic  rise  in  really  good  sphygmographic  tracings,  and 
which  is  situated  higher  up  in  the  line  of  descent  of  the  sphygmo- 
graphic cm've — which  indicates  a  distension  of  the  artery  by  a 
wave  which  actually  precedes  the  dicrotic  wave,  and  which  may  be 
termed  the  predicrotic  wave.  It  appears  probable  that  the  pre- 
dicrotic  wave  is  an  example  of  a  wave  of  oscillation,  i.e.  '  of  a 
wave  due  to  the  inertia  of  the  elastic  walls  and  of  the  contained 
fluid '  exactly  similar  to  the  secondary  waves  which  are  ob- 
served to  follow  the  primary  wave  when  a  moderate  quantity  of 
fluid  is  injected  into  an  elastic  tube  containing  water,  such  secon- 
dary waves  being  more  marked  the  more  sudden  the  stroke,  the 
more  extensible  the  tubing,  and  the  less  the  pressure  within  it 
(Foster  i)-] 

The  pressure  of  the  blood  in  the  capillaries  cannot  be  measured; 
its  changes,  however,  can  be  estimated  from  their  size  and  from 
the  amount  of  fluid  which  filters  through  them  (Chapter  II.) 
According  to  the  scheme  of  the  circulation  previously  described  it 
must  be  constant,  except  when,  as  in  the  above-cited  cases,  the 
pulse  wave  is  transmitted  to  the  capillaries.  Any  diminution  in 
the  resistance  of  the  vessels  leading  from  the  capillaries  will  in- 
crease it.  It  rises  and  falls,  moreover,  with  the  general  pressure 
of  the  blood. 

In  the  veins  the  blood  pressure,  appreciable  with  a  manometer, 
is  extremely  low,  being  slightly  negative  in  the  large  venous 
trunks,  and  increasing  towards  the  periphery.  Just  as  each 
rhythmic  injection  of  blood  into  the  arteries  produces  a  rising 
wave  in  them,  so  each  rhythmic  removal  of  blood  from  the  venous 
system  would  cause  a  falling  wave  passing  from  the  capillaries,  if 
this  were  not  prevented  by  the  auricles. 

There  are  two  other  circumstances  of  such  importance  in  the 
circulation  of  the  blood,  that  they  may  be  classed  along  with  the 
contraction  of  the  heart  as  causes  of  the  circulation:  they  are 
the  aspiration  of  the  thorax,  and  the  adventitious  compression  of 
the  veins. 

The  Aspiration  of  the  Thorax.— Oviing  to  their  position  in  a 
large  cavity,  which  they  (together  with  the  lungs)  must  assist  in 

'  Foster,  A  Text-Booh  of  Pliysiologij,  p.  1 16. 
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filling,  the  heart  and  the  large  vascular  trunks  are  dilated  beyond 
their  natural  volume,  and  are  consequently  more  completely  filled 
with  blood  than  they  would  be  under  other  circumstances.  This 
especially  affects  the  more  yielding  portions— that  is,  the  venous 
trunks  and  the  auricles.  As  already  mentioned  when  speaking  of 
the  heart,  the  aspiration  of  the  thorax  causes  the  blood  flowing 
through  the  venous  trunks  opening  into  the  heart  to  be  imme- 
diately replaced  by  the  flowing  in  of  fresh  blood  from  veins  situ- 
ated outside  the  thorax,  and  this  essentially  aids  the  circulation. 
Each  inspiration,  by  its  consequent  enlargement  of  the  cavity  of 
the  chest,  further  increases  the  negative  pressure,  and  thereby 
causes  over  the  whole  mass  of  blood  an  aspiration  in  the  direction 
of  the  thorax :  but  this  aspiration  will  mainly  affect  the  venous 
system.  In  the  arteries  it  causes  merely  a  slight  decrease  of 
tension  ;  on  the  other  hand,  it  draws  the  venous  blood  powerfully 
towards  the  heart.  An  ordinary  expiration  merely  removes  the 
inspiratory  increase  of  the  negative  pressure ;  on  the  other  hand,  a 
powerful  expiration,  caused  by  muscular  exertion,  especially  if  an 
obstacle  be  opposed  to  the  exit  of  the  air  by  closure  of  the  glottis 
(as  in  coughing),  changes  the  negative  pressure  in  the  thorax  into 
a  positive  one,  compressing  the  heart  and  vessels  (in  particular  the 
veins),  and  causes  in  the  veins  a  serious  stagnation,  and  in  the 
arteries  a  less  important  increase  in  pressure.  In  consequence  of 
this,  the  central  erd  of  a  divided  vein  sucks  in  air  during  inspira- 
tion, and  this  may  lead  to  fatal  consequences  by  leading  to  embolism 
of  the  pulmonary  capillaries:  on  the  other  hand,  the  veins  swell 
considerably  during  a  powerful  expiration,  particularly  during 
coughing.  If  after  a  deep  inspiration  the  glottis  is  closed,  and  a 
powerful  attempt  made  at  expiration,  the  positive  pressure  in  the 
thorax  becomes  so  great  that  the  venous  trunks  are  almost  closed, 
less  and  less  blood  pours  into  the  heart,  and  at  last  the  circulation 
is  entirely  stopped  (E.  Weber).  The  action  of  these  thoracic  con- 
ditions on  the  arteries  shows  itself  likewise  in  a  regular  fluctuation 
of  the  blood  pressure  (increase  during  expiration,  decrease  during 
inspiration),  which  is  synchronous  with  the  movements,  not  of  the 
heart  but  of  breathing,  and  is  therefore  four  times  as  slow  as  the 
pulse. 

[The  respiratory  waves  which  are  seen  in  the  kymographion 
curve  are  admirably  shown  in  the  appended  figures,  of  which  the 
upper  is  taken  from  the  carotid  artery  of  a  dog  and  the  lower  from 
that  of  a  rabbit. 

Examining  the  upper  tracing,  we  observe  that  any  one  respira- 
tory curve  a  6  c  is  made  up  of  a  part  a  b  which  indicates  a  rising 
blood  pressure,  and  of  a  part  b  c  which  indicates  a  falling  blood 
pressure ;  moreover,  that  in  the  part  a  b  the  heart-beats  succeed 
one  another  much  more  quickly  than  in  the  part  b  c. 

Now,  whilst  these  curves  bear  a  certain  relation  to  the  respi- 
ratory movements,  we  have  to  observe  that  neither  of  the  two 


INFLUENCE  OF  RESPIRATION  ON  CIRCULATION.  101 


characteristic  parts  of  the  curve  coincides  with  either  inspiration 
or  expiration. 

The  greater  part  of  the  curve  from  a  to  6  takes  place  during 
inspiration,  which  is  therefore  accompanied  by  a  rise  in  the  blood 
pressure  and  by  a  more  rapid  contraction  of  the  heart;  the  summit 
of  the  curve  at  h  is,  however,  only  reached  after  inspiration  has 
ceased  and  expiration  has  commenced  (Einbrodt,'  Funke  u.  Lat- 
schenberger  2).  The  pressure  then  gradually  falls  until  the  sub- 
sequent expiration  causes  it  again  to  rise.  The  slowing  of  the 
heart,  which  takes  place  during  the  inspiratory  fall  of  blood 
pressure,  ceases  to  be  observed  after  division  of  the  vagi. 


Fig.  12. 


TRACINGS  ILLUSTRATING  THE  FLUCTUATIONS  IN    THK  ARTEUIAL  PUESSUllK  WHICH 
CORRESPOND  TO  THE  RESl'IUATORY  ACTS. 


These  changes  in  the  blood  pressme  and  in  the  rate  of  heart- 
beat which  accompany  respiration,  appear  to  depend  in  part  upon 
the  varying  supply  of  blood  to  the  heart  dm-ing  the  various  respi- 
ratory acts  (more  blood  flowing  into  the  heart  dm-ing  inspiration 
than  expiration),  in  part,  however,  also  upon  the  activity  of  the 
cardio-inhibitory  centre  and  of  the  vaso-motor  centre.  In  dogs 
which  have  been  subjected  to  the  action  of  curare  and  in  which 
artificial  respiration  has  been  maintained  and  then  stopped,  fluc- 
tuations in  the  blood*  pressure  somewhat  similar  to  the  normal 
respiratory  curves  are  observed  to  occur  (Traube's  curves^).] 

Transient,  adventitious  compression  of  the  veins  by  the  con- 
traction of  neighbouring  muscles. — Any  such  compression  of  a 
portion  of  a  vein  must  press  its  contents  in  a  direction  towards 
the  heart,  since  the  passage  in  the  opposite  direction  is  stoppv^.d 
by  the  self-closing  venous  valves.  This  compressing  apparatus  is 
in  some  places  joined  to  an  aspirating  arrangement;  thus  the 

•  Einbrodt,  IViener  Sitzungsher.   18fi9,  p.  345. 

«  Funke  u.  Lutsclienbei-ger,  PflUger'n  Archiv,  Vol.  xv.  p.  42C 

'  Triiube,  Gesammelte  Beitrag'e,  lid.  1. 
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portion  of  the  femoral  vein  lying  under  Poupart's  ligament  sucks 
in  tbe  blood  from  the  periphery  at  each  turn  in  an  outward  direc- 
tion of  the  upper  part  of  the  thigh,  and  empties  it  into  the  vena 
cava  on  each  turn  in  an  inward  direction,  or  on  flexion  (Braune). 

The  movement  of  the  blood  in  the  veins  consequently  is  as 
follows  :  when  the  blood  has  flowed  through  the  capillary  system, 
its  speed,  according  to  the  above  scheme,  almost  =  0,  because  the 
tension  in  the  arterial  system  is  only  sufficient  to  drive'the  neces- 
sary amoimt  of  blood  (about  175  grms.  in  minute)  through  the 
capillaries.  The  force  of  the  heart  therefore,  being  entirely  ex- 
pended in  overcoming  this  resistance  (being  converted  into  heat), 
has  no  influence  on  the  flow  of  blood  in  the  veins.'  On  the  other 
hand  the  following  forces  come  into  action :  1.  Grravity:  this  can 
only  aid  the  circulation  in  the  descending  veins  (as,  e.g.,  those  of 
the  head  when  upright),  while  on  the  other  hand  it  checks  it  in 
ascending  veins  :  the  veins  of  the  foot  for  instance,  under  the 
pressure  of  their  high  column  of  blood,  would  be  so  enormously 
dilated  and  stretched,  and  the  resistance  caused  would  be  so  great, 
that  the  whole  movement  of  the  blood  in  the  lower  extremities 
would  be  stopped.  The  other  forces,  therefore,  which  co-opsrate 
ill  the  maintenance  of  the  venous  circulation  are  of  the  gi'eatest 
importance,  viz.  2.  The  aspiration  of  the  thorax,  particularly 
during'  inspiration,  and  3.  TJce  muscular  movements  of  the 
body.  From  what  has  been  stated  it  follows  that  the  venous 
circulation  goes  on  very  irregularly. 

The  movement  of  the  hlood  in  the  capillaries,  which  may 
be  observed  under  the  microscope  in  transparent  parts  (for  in- 
stance in  the  web  and  mesentery  of  the  frog,  in  the  omentum 
of  the  guinea-pig, — in  the  latter  case  on  a  hot  stage,  Strieker), 
frequently  changes  its  direction  in  the  branchings  of  their  fine 
network.  At  the  same  time  the  movements  of  the  blood  corpus- 
cles give  one  the  opportunity  of  observing  the  unequal  speed  of 
the  different  layers  of  blood  previously  alluded  to ;  those  floating 
in  the  axis  having  the  greatest,  those  next  to  the  walls  a  far  lower, 
rate  of  speed.  In  the  finest  capillaries,  through  which  only  one 
row  of  red  blood  corpuscles  can  force  themselves  at  a  time,  the 
latter  may  frequently  be  seen  to  accommodate  their  shape  to  their 
surroundings — they  become  lengthened,  bent,  and  curved,  and 
pressed  together  until  all  shape  is  lost,  and  then  again  assume  their 
natural  form.  For  the  emigration  of  the  blood  corpuscles,  see  the 
Appendix  to  this  Chapter. 

1  This  docs  not  hold  ffood  in  its  entirety  :  the  real  conditions  are  more  complicated  thnn 
the  theoretical  (Weber's)  statement  Riven  here,  for  in  many  ca^<es  the  local  tension  of  the 
arterv  exceeds  this  limit,  and  the  blood  enters  the  vtins  with  perceptible  velocity,  fre- 
fiuentlv  under  su  ■h  pressure  that,  if  cut,  the  veins  spurt.  We  therefore  usually  I'nd  in- 
cluded'amongst  the  forces  causing  the  venous  flow  'the  residue'  of  the  motive  power  of 
the  arterial  system  C  vi<s-n-tergo,  vis  inertiiu,'  &c.) 
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Velocity  of  the  Circulation. 

If  a  fluid  be  circulating  through  a  system  of  tubes,  the  same 
quantity  of  fluid  must  flow  through  any  collective  cross  section  of 
the  system  during  a  given  time.  Whenever,  on  account  of  some 
obstacle,  this  condition  is  not  fulfilled,  if  the  system  is  dilatable, 
the  section  must  become  proportionately  enlarged  in  front  of  the 
obstacle,  and  a  repletion  of  vessels  takes  place.  Thus,  for  example, 
the  resistance  of  the  capillaries  causes  the  constant  repletion  of  the 
arterial  system.  If,  however,  the  circulation  is  in  uadisturbed 
progress,  the  same  quantity  of  blood  m.ust  flow  through  any  col- 
lective cross  section  of  the  vascular  system  during  a  unit  of 
lime.  It  follows,  moreover,  from  this,  that  the  speed  of  the  eur- 
rent  in  the  various  collective  cross  sections  is  inversely  propor- 
tional to  the  area  of  the  cross  section :  it  is,  therefore,  greatest  in 
the  commencement  of  the  aorta  and  the  pulmonary  artery,  least 
(about  400  times  less  than  in  the  aorta)  in  the  capillaries.  Similar 
conditions  control  the  speed  in  the  total  cross  sections  of  a  single 
branched  or  unbranched  vascular  segment :  thus,  the  blood  flows 
at  the  same  speed  throughout  the  whole  length  of  an  unbranched 
vessel  of  uniform  size. 

But  the  quantity  of  blood  which  flows  through  any  cros^ 
section  of  the  vascular  system  during  a  unit  of  time,  naturally 
depends  on  the  number  and  strength  of  the  contractions  of  the 
heart.  Let  n  be  the  number  of  systoles  during  the  unit  of  time, 
a  the  amount  of  blood  contained  in  a  ventricle ;  then  the  amount 
of  blood  m  flowing  in  a  unit  of  time  through  each  section  is  re- 
presented by  m  =  na,  that  is,  in  the  human  subject  about  218 
grms.  per  second. 

The  rate  of  flow  through  the  individual  vessels,  which  make 
up  a  collective  section  of  tlie  system,  will,  it  is  clear,  depend  prin- 
cipally on  the  resistance  which  they  offer,  for  the  speed  will  be  the 
less  the  greater  the  resistance,  e.g.  in  narrow  vessels,  which  give 
off  branches  at  large  angles.  That  the  speed,  moreover,  varies 
greatly  in  the  different  layers  of  a  vessel,  has  been  already  shown. 

Kegular  fluctuations  of  speed  only  take  place  when  the  plan  of 
a  continuous  stream  is  not  perfectly  carried  out,  as  is  the  case  in 
arteries,  through  the  influence  of  the  pulse  wave,  and  similarly  in 
the  capillaries  and  veins  when  the  pulse  wave,  as  will  exceptionally 
occur,  reaches  them  (p.  96).  That  the  passage  of  the  pulse  wave 
must  cause  a  momentary  acceleration  in  each  portion  of  the 
artery,  follows  from  what  has  been  before  stated  ;  for  the  wave 
crest  increases  tension  at  a  particular  place,  while  the  tension  is 
still  of  the  diastolic  height  in  neighbouring  parts,  and  the  speed 
increases  with  the  difference  in  tension.    In  the  capillaries  and 
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veins,  leaving  out  of  the  question  the  cases  of  exceptional  presence 
of  pulse,  the  speed  would  be  constant  were  it  not  that,  in  the 
latter,  there  are  many  influences  at  work  producing  great  irregu- 
larities. The  stream  of  blood  through  a  vein 
may  frequently  be  completely  stopped;  this 
may,  however,  be  unproductive  of  liarm,  since 
most  sets  of  capillaries  have  several  efferent 
veins,  so  that  if  the  stream  of  blood  is  obstruc- 
ted or  arrested  in  one,  the  blood  flows  more 
quickly  through  the  others. 

Tlie  following  instruments  have  been  emploj'ed  to 
measure  the  speed  of  the  current  of  blood  in  the 

arteries :  — 

1.  Vol!  fmann's  haemodromometer,'  "which  consists 
essentially  of  a  glass  tube  of  known  volume  tilled  with 
water,  which  can  suddenly  be  inserted  into  the  stream 
of  the  artery.  The  time  which  the  blood  takes  to  run 
through  the  tube  and  displace  all  the  water,  is  measured 
with  a  watch.  On  the  same  principle,  but  capable  of 
giv  ing  much  more  reliable  results,  is  the  '  Stromuhr  ' 
of  Ludwig.^  [This  instrument,  which  is  shown  in  the 
accompanying  woodcut  (fig.  13),  consists  of  two  gla.^s 
bull)s,  A  and  B,  of  precisely  equal  capacity,  and  which 
communicate  above  by  means  of  a  curved  glass  tube 
Avhich  has  a  tubular  opening  upwards  which  admits  of 
being  closed  by  an  india-rubber  tube  e  and  a  clamp. 

Below,  the  two  bulbs  A  and  b  are  cemented  into 
bored  metal  sockets  prolonged  upwards  from  the  cylin- 
drical plate  a  a' ;  this  plate  is  by  a  screw  connected 
with  a  second  bored  piece  of  metal  bh',  in  such  a  man- 
ner that  a  a'  may  be  rotated  around  h  b'.  When  a  a' 
is  in  the  same  relative  position  to  b  b',  as  is  shown  in 
the  drawing,  then  the  interior  of  the  globe  A  commu- 
nicates with  the  open  extremity  of  c,  i.e.  the  tubular 
ludwig's  'stromuhk.'    perforations  of  a  «'  are  continuous  with  the  tubular 

perforation  in  bb'.    If,  then,  the  plate  a  a'  and  its 
A  and  B,  blood  bulbs.  attached  bulbs  be  rotated  through  an  angle  of  180° 

a  a',  metallic  plates  con-  around  b  b',  the  position  of  the  globes  in  reference  to 
nected  with  A  and  b,  and  the  tubes  is  exactly  reversed  :  theu  B  will  communi- 
rotating  over  b  b  ,  ^^^^  ^j^j^  ^  ^-^^^  ^ 

c  and  D,  connectors,  to  be  When  an  experiment  has  to  be  performed  with  the 
in.serted  into  arteries-  stromuhr,  one  of  the  bulbs  is  filled  with  olive  oil,  the 
other  with  defibrinated  blood  ;  c  and  A  are  inserted 
into  the  proximal  and  distal  end  of  the  artery  in  which  the  velocity  of  the 
blood-flow  is  to  be  determined.  At  first  the  position  of  a  a'  to  bb'  is  such  that 
the  bulbs  A  and  b  are  shut  off  from  c  and  d.  a  a'  is  rotated  so  that  the  bulb 
containing  oil  (let  us  assume  this  to  be  a)  is  placed  over  the  cannula  inserted 
in  the  proximal  end  of  the  artery.  Blood  then  flows  in  and  drives  the  oil  from 
A  into  B,  whilst  the  defibrinated  blood  contained  in  the  latter  is  injected  into  the 
distal  end  of  the  blood  vessel.    If  the  cubic  capacity  of  the  bulbs  be  known, 


'  Volkmann,  Hmmndynamih,  p.  185. 
Ludwig  u.  Dofiiel,  '  Die  Ausmessiinp  dcr  stromonden  Blutvolumina,'  Sitzungsber,  d.k. 
siirlis.  Gls.  d.  WissenschaJ't,  Muth.-phys.  CI.,  18G7,  p.  200. 
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aud  the  time  taken  by  the  oil  to  displace  the  blood  contained  in  B  be  ascertained, 
we  know  the  volume  of  blood  which  has,  in  the  circumstances  of  the  experiment, 
Howed  through  the  artery  in  a  given  time.  But  this  first  observation  can  be 
checked  by  numerous  repetitions.  As  soon  as  the  oil  has  passed  from  a  into  B, 
the  plate  a  a'  is  rotated  through  180°,  and  then  b  is  in  relation  with  the  cardiac 
end  of  the  artery ;  the  oil  contained  in  it  will  again  be  passed  into  a,  the  time 
measured,  etc.] 

2.  The  tachometer  (employed  by  Vierordt  ^)  is  a  tube  inserted  in  the  artery ; 
the  tube  contains  a  light  pendulum.  The  movements,  which  may  be  observed 
externally,  stand  in  a  previously  determined  relation  to  the  velocity  of  the 
stream,  which  acts  on  the  pendulum.  If  the  latter  is  joined  to  a  sensitive  lever, 
outside  the  tube,  curves  may  be  obtained  whose  ordir.ates  will  give  the  speed 
of  the  current  ('dromograph,'  Ohauveau  and  Lortef^).  3.  The  determination  of 
the  amount  of  blood  flowing  from  an  open  artery,  the  tension  being  maintained 
pretty  constant  by  regulating  the  size  of  the  arterj'  (Vierordt). 

Determinations  by  the  above-mentioned  methods  have  naturally  not  been 
made  in  the  human  subject.  (In  the  carotid  of  dogs  the  speed  varies  from 
200  to  700™"  per  second.)  In  animals  the  speed  in  the  'capillaries  is  deter- 
mined by  direct  microscopic  measin-ement  of  the  course  a  blood  corpuscle  runs 
over  in  a  given  time  (E.  H.  Weber)  ;  in  the  human  subject,  by  personal  ob- 
servation of  the  entoptic  visible  movements  of  the  blood  corpuscles  in  the  vessels 
of  the  retina  (Ludwig^);  by  the  latter  method  Vierordt  found  them  in  himself 
=  0"6-0'9"""  in  a  second  (compare  Chap.  X.)  The  speed  in  the  veins  may  be 
measured  with  the  '  Stromuhr '  (Cyou  aud  Steiumann  ■*). 

In  order  to  measure  the  time  in  which  a  portion  of  blood  travels  through  a 
given  portion  of  the  vascular  system,  or  indeed  through  the  whole  round  of  the 
circulation,  an  easily  recognisable  salt  (ferrocyanide  of  potassium)  is  injected 
into  the  central  (cardiac)  end  of  a  vein,  and  the  time  noted  at  which  it  is  de- 
tected (by  chloride  of  iron),  in  samples  of  blood  taken  at  short  intervals  from 
the  peripheral  end  of  the  same  vein  (Hering^).  The  first  discovered  traces  of 
the  salt  must  have  traversed  the  right  side  of  the  heart,  the  capillaries  of  the 
lungs,  the  left  side  of  the  heart,  and  the  capillary  territory  corresponding  to  the 
vein  which  is  experimented  upon,  before  reaching  the  place  where  they  are  found. 
According  to  such  experiments  a  complete  circulation  occupies  15-2  seconds  in 
dogs,  and  about  23  seconds  in  the  human  subject. 


Distribution  of  the  Blood  in  the  Body. 

The  quantity  of  blood,  contained  in  any  'portion  of  the  body 
in  a  given  time  depends:  1.  On  the  number  and  size  of  the 
afferent  arteries.  2.  On  the  speed  of  the  current  within  them. 
The  latter,  as  stated  above,  depends  on  many  circumstances,  par- 
ticularly on  their  greater  or  less  distance  from  the  heart,  on  the 
number  and  angles  of  their  branches,  &c.  For  the  changes  in  the 
size  of  an  ai'tery,  see  below  under  '  Innervation  of  Vessels,'  where 
further  particulars  will  also  be  found  concerning  the  distribvition 
of  the  blood  in  the  body. 

If  one  of  the  extremities  be  immersed  in  a  vessel  filled  with 

1  Vierordt,  Die  Gcsetze  tier  Strmngeschwindigkeiten.    Frankfurt,  1858. 

2  Chauveau,  JoKrwa/  <k  la  Physinloijie,  18(i0,"j).  G95  ;  Lortct,  lieclierches  sur  la  Vitesse  du 
cours  du  Sang.    Paris,  18G7. 

3  Ludwig,  Lehrlmch  der  Physiol.    Vol.  i.  p.  354. 

*  Cyon  and  Steiniiiann,  Bull,  de  I'Acud.  des  Sciences  de  St.-Pitershmtrq.  Vol.  xvi.  p.  266. 
5  llering,  Zeitschrift  f.  Physiologic  von  Tiedemann  und  Treviiavus.    Vol.  iii.  p.  64. 
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water,  which,  with  the  aid  of  caoutchouc  around  the  edge,  can  be 
accurately  closed,  and  if  the  lesser  end  of  the  vessel  be  connected 
with  a  kymographion,  any  increase  in  pressure  will  indicate  that 
more  blood  has  flowed  into  the  lirab  than  has  left  it ;  if  the  rate  of 
flow  in  the  veins  be  constant,  each  increase  in  pressure  indicates  a 
greater,  and  each  increase  in  pressure  a  less,  rate  of  flow  in  the 
arteries  (Fick 

The  volume  of  a  limb  measured  by  the  aid  of  such  a  contri- 
vance ('Plethysmograph'),  is  subject  to  variations  which  are  in 
part  regular— depending  upon  the  pulse,  in  part  irregular;  the 
latter  are  to  be  referred  partly  to  contraction  of  the  vessels  of  the 
limb,  partly  to  general  changes  in  the  blood  pressure,  and  partly 
to  muscular  contractions  which  expel  venous  blood  (Mosso,^  Frank,^ 
v.  Basch*). 

Influence  of  the  Nervous  System  on  the  Circulation  of 

the  Blood.^ 

The  nervous  system  has  a  direct  influence  on  the  movements  of 
the  blood,  1.  by  its  control  of  the  movements  of  the  heart;  2.  by 
its  control  of  the  calibre  of  the  vessels,  particularly  of  the  smaller 
arteries,  for  the  latter  are  supplied  with  muscles,  on  whose  state  of 
contraction  their  size  depends.  Not  only  is  the  supply  of  blood 
to  individual  organs  regulated  by  changes  in  the  capacity  of  a 
vessel,  but  change  in  the  capacity  of  a  large  number  of  arteries, 
and  the  consequent  change  in  the  contents  of  the  whole  arterial 
vascular  system,  has  a  great  influence  on  the  activity  of  the  heart. 

1.  Innervation  of  the  Heart. 

a.  Intracardaic  Centres. 

The  heart,  removed  from  the  body,  or  separated  from  all  the 
nerves  supplied  to  it,  still  beats  for  some  time ;  in  cold-blooded 
animals  for  days,  in  warm-blooded  animals  so  long  as  a  supply  of 
oxygenized  blood  is  provided.  Its  movements  must,  therefore,  at 
least  in  part,  be  caused  by  a  mechanism  situated  within  itself,  and 
the  latter  is  supposed,  with  the  greatest  probability,  to  reside  in 
the  ganglionic  cells  (connected  together  by  nerve  fibres),  which  are 

1  Fick,  ZTntersuch.  a.  d.  Ziiricher  phi/siol.  Lahorat.    Vol.  i.  p.  1. 
Mosso,  Von  einigen  neuen  J£)genschafteii  der  Gefiissioand :  Ludwig's  Arbeifen,  1874; 
Movimenti  dei  vasi  sanguigni  nelV  uotnn.    Ac.  Sc.  di  Torino,  Nov.  1875. 

3  Franck,  Du  vnlunip.  des  Organes  dans  ses  I'ttppnrts  avec  la  Circulation  du  Sang.  Tra- 
vau.v  du  Labnratoire  de  M.  3Iarcy.  Auuee  1870,  p.  1.  See  sdso  Marcy,  Mesiire  mano- 
metrique  de.  la  prcssion  dii  sang  dans  les  artercs  de  fhnmme.    Travatix,  1876,  p.  809. 

*  V  Kasch,  '  Die  voliimetrisclie  IJestimniung  des  Blutdriicks  am  Menschen,'  Wiener 
vied.  Jahrl).,  1876. 

5  It  is  a'ivnntageous  to  refer  to  the  influence  of  the  nerves  when  considering  the  prin- 
cipal procps'cs  of  molecular  change,  although  by  such  anticipation  many  ideas  are  intro- 
duced, which  are  only  explained  iu  the  Third  Part  of  this  work. 
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lodged  in  the  muscular  substance  of  the  heart,  particularly  in  the 
septum  between  the  auricles,  and  at  the  junction  of  the  amides 
and  ventricles  ( Remak  ').  At  least  a  portion  of  these  ganglia  must 
cause  the  automatic  rhythmical  contractions  of  the  heart,  and 
indeed  the  whole  process  of  contraction  (from  the  auricles  to  the 
ventricles)  must  be  regulated  and  combined  by  them.  In  a  heart 
which  is  at  rest,  but  still  excitable,  one  or  more  regular  contrac- 
tions of  its  various  divisions  may  be  produced,  by  reflex  action,  on 
applying  different  stimuli  (mechanical,  thermal,  chemical,  or  elec- 
trical) to  the  substance  of  the  heart :  greater  effect  is  obtained  by 
stimulation  of  the  inner  than  of  the  outer  surface  of  the  heart. 

The  causes  of  the  constant  rhythmical  excitation  of  the  intra- 
cardiac centres  is  altogether  unknown.  A  supply  of  oxygen  is  a 
necessary  condition  (Ludwig,  Volkmann,  Groltz),  as  well  as  a  tem- 
perature which  must  not  be  far  removed  from  the  normal  blood 
heat  of  the  animal. 

Temperatures  below  0°-4°  and  above  30°-40°  0.,  stop  the  pulsations  of  the 
frog's  heart  (SchelBke,^  E.  Oyon).  The  frequencj^  of  the  beats  increases  with 
the  temperature  almost  imtil  the  limitino'  point  is  reached.  The  strength  of  the 
contractions  is  greatest  at  low  and  medium  temperatures,  and  is  pretty  constant ; 
above  20°-30°  the  strength  diminishes.  The  sudden  action  of  high  temperatures 
produces  the  phenomena  of  excitation  of  the  vagus ;  if,  however,  the  heart  has 
been  powerfully  cooled  before  it  is  exposed  to  a  high  temperature,  there  occur 
rapidly  succeeding  contractions  which  ultimately  give  place  to  tetanus.  When 
the  heart  has  been  stopped  by  heat,  excitation  of  the  sinus  (which  at  other  times 
stops  the  heart  by  exciting  the  vagus)  causes  tetanus  of  the  ventricle  (E.  Oyon). 

In  general,  even  in  warm-blooded  animals,  the  frequency  of  the  pulse  in- 
creases with  the  temperature  of  the  body. 

In  the  frog's  heart  the  principal  ganglionic  masses  (Remafs  ganglia)  lie  in 
the  wall  of  the  sinus  venosus.  After  the  separation  of  the  latter,  the  heart 
ceases  to  contract,  whilst  the  sinus  itself  continues  to  pulsate  (Stannius  ^).  Other 
injuries  which  merely  aftect  the  sinus  cause  the  heart  to  stand  still  (v.  Bezold). 
A  second  ganglion  (Bidder's  ganglion)  lies  near  the  junction  of  the  amides  with 
the  ventricle ;  if  the  heart  which  has  been  separated  from  the  sinus  venosus, 
and  which  is  not  pulsating,  be  divided  in  this  region,  that  portion  again  com- 
mences to  pulsate  rhythmically  in  which  the  ganglion  has  been  left ;  usually 
the  ventricles,  sometimes  the  auricles,  or  both  auricles  and  ventricles.  These 
pulsations  are,  however,  temporary,  and  appear  to  depend  upon  mechanical  iii'i- 
tation  of  Bidder's  ganglion,  which  usually  is  not  in  a  state  of  activity.  (Even 
when  this  separation  of  auricles  and  ventricles  is  not  effected,  the  heart  which 
has  been  separated  from  the  sinus,  and  which  is  motionless,  may  be  made  to 
pulsate  for  a  time  by  a  puncture  into  the  line  of  junction  of  auricles  and  ven- 
tricles, II.  Munk).  Some  attribute  the  arrest  of  the  heart  which  follows  its 
separation  from  the  sinus  venosus,  to  irritation  caused  by  the  section  of  the 
fibres  of  the  vagus  (Heidenhain).  The  hypothesis  that  inhibitory  centres  exist 
which  have  their  seat  in 'the  auricles,  and  which  are  unab'e  to  control  the  com- 
bined motor  powers  of  the  sinus  and  the  ventricle,  whilst  they  can  control  the 
latter  by  itself  (v.  Bazold),  is  capable  of  accounting  for  tlie  phenomena  to 
which  reference  has  been  made,  and  is  supported  by  some  toxicological  facts. 


'  Remak,  Miil/er's  Archiv,  1844,  p.  46.3. 

2  Schelske,  Die  Erret/hui/telt  ihr  Nei-virn  (lurch  die  Wdrme.  18G0. 

3  Stanuius,  Ztvd  IWilitii  plii/niol.  Venuchc.  1851. 
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Certain  recent  investigations  have  led  to  tlie  aurraise  that  even  portions  of 
the  heart  muscle  which  are  free  from  ganglia  may  he  capable  of  rhythmical 
pulsations  when  continued  stimuli  act  upon  them.  If  a  cannula  he  tied  into 
the  ventricle  of  the  frog's  heart,  helow  tlie  auriculo-ventiicular  groove,  tlie  con- 
stricted apex  (whose  movements  can  be  registered  by  means  of  a  manometer 
connected  with  the  cannula)  usually  stands  still;  if,  however,  oxygenated 
blood  or  certain  saline  solutions  be  introduced,  pulsations  occur  (Ludwig  and 
Merunowicz  1).  All  these  results  must,  however,  be  interpreted  with  caution, 
inasmuch  as  these  pulsations  do  not  occur  when  in  an  otherwise  uninjured  frog 
the  apex  is  first  constricted  and  afterwards  tlie  ligature  relaxed,  so  that  the  apex 
is  fed  with  normal  blood  (Ileidenhain,  Goltz,  Bernstein  If  the  ligature  be  in 
the  region  of  the  auricles  the  pulsations  occur  iu  irregular  groups  (Ludwig  and 
Lucani  ^).  Even  by  constant  currents,  pieces  of  heart  muscle  free  from  ganglia 
appear  to  commence  to  pulsate. 

The  muscular  substance  of  the  ganglion  fi-ee  apex  (connected  with  a  mano- 
meter) evinces  certain  peculiaiities;  on  exciting  it  with  induction  shocks  of 
increasing  strength  it  is  found  that  the  contractions  which  occur  with  the 
weakest  efficient  shock  are  of  full  strength,  and  do  not  increase  though  tiie 
stimulus  be  made  stronger.  According  to  some,  even  tetanus  occurs  when  the 
excitations  are  very  frequent  (Ludwig  and  Bowditch,*  Kronecker*). 

Nerve  fibres  connecting  the  ganglion  cells  with  the  muscular  fibres  of  the 
heart  have  hithei'to  not  been  found.  Excitation  appears  to  be  propagated  from 
one  muscle  cell  directly  to  the  other,  so  that  contraction  travels  along  in  both 
directions ;  the  i-apidity  of  transmission  is  about  10-30""°  per  second  (Engel- 
mann  **). 

The  behaviour  of  the  cardiac  ganglion  to  electrical  stimuli  is  not  sufficiently 
known.  Single  induction  shocks  lead  to  an  accelerated  systole  Avhen  they  act 
upon  the  heart  during  diastole  (Marey).  Tetanizing  induction  currents  and 
powerful  constant  currents  abolish  the  rliythm  and  lead  to  irregular  moA'cments 
which  are  accompanied  by  a  powerful  sinking  of  the  blood  pressure  (Ludwig 
and  Hofta,  Einbrodt,  S.  Mayer'').  Constant  currents  of  moderate  strength  throw 
the  heart,  which  has  been  stopped  in  consequence  of  removal  of  the  sinus,  into 
rhythmical  movements,  in  which  occasionally  the  contraction  of  the  ventiicle 
precedes  that  of  the  auricles  (v.  Bezold,^  Bernstein,  Foster  and  Dew-Smith  ^)  ; 
this  phenomenon  requires  further  investigation. 

It  is  doubtful  whether  the  blood  pressure  has  an  influence  upon  the  pulsa- 
tions of  the  heart.  The  statement  that,  after  the  cardiac  nerves  have  been 
divided,  an  increase  of  the  blood  pressure  (brought  about,  for  instance,  by  com- 
pression of  the  aorta,  contraction  of  small  arteries  induced  by  excitation  of  the 
vaso-motor  centre  or  of  important  vaso-motor  nerves  such  as  the  splanchnics) 
leads  to  an  increased  frequency  in  the  contractions  of  the  heart,  has  lately  been 


1  Merunowicz, '  Ueber  die  Cliemischen  Bedingungen  fur  die  Entstehungdes  Herzschlages,' 
Bericht.  d.  sdclis.  Akad.  zu  Leipzig.    1875,  pp.  2.')2-2il8. 

2  Bernstein,  '  Ueber  den  Sitz  der  au'  oinatischen  Erregung  im  Froschlierzeu,'  Ceiitnd- 
blatl  f.  d.  med.  Wissenschaft.    1876,  p.  4S3. 

5  Luciani,  Eine  periodische  Function  des  isolirlen  Froscltherzens.    Ludwig's  Arbeiten. 

1872. 

^  Bowditch,  Ueber  die  FJgenthum  lichheiten  der  Reizbarkeit,  welche  die  Mtiskelfasem  dex 
Herzens  zeigen.    Ludwig's  Arbeiten.    1872,  p.  1.S9.  "  t    j    •  , 

5  Kronecker,  Das  charakteristische  Merhmal  der  Herzmuskel-Bacegung.    Ludwig  s  Fest- 

gabe.    1875,  p.  173.  .  ,  ,>    n^-    .    ^  i- 

6  Engelmann,  'Ueber  die  Leitung  der  Erregung  im  Herznuiskel.    Ff  tiger  s  Archiv. 

VoL  xi.  p.  465. 

7  Ludwig  u.  Hoffa,  Zeitschrift  f.  rat.  Medicin.    1850.    Vol.  ix.  p.  107. 

8  V  Bczold, '  Piiysiologie  d.  Herzbewegung.'    Virchow's  Archiv.    Vol.  xiv. 

9  Foster  and  Dew-Smitii,  '  Tlie  Effects  of  tlie  Constant  Current  on  the  Heart,'  Journal 
of  Anat.  and  Physiol,  vol.  x.  ;  and  Studies  from  the  Physiol.  Lab.  in  the  Univ.  of  Cam- 
bridge.   I'art  111.  p.  1. 
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contradicted  by  Knoll  ^  and  Nawroclci,*  and  confirmed  by  Tscbiriew.^  In  the 
case  of  the  li-o'g's  heart  it  is  asserted  that  increase  in  the  blood  pressure  slows 
the  contractions  (Marey). 

h.  Inhibitory  Nerves. 

Even  the  nerves  which  enter  the  heart  from  the  cardiac  plex- 
uses, and  which  are  derived  partly  from  the  pneumogastric,  partly 
from  the  sympathetic,  exert  an  influence  upon  the  movements  of 
the  heart.  The  fibres  contained  in  the  vagus  possess  the  power, 
when  they  are  continuously  irritated  by  mechanical,  chemical,  or 
electric  means,  of  sloiving  (or  weakening,  Ludwig  and  Coates*)  the 
contractions  of  the  heart ;  and  when  subjected  to  a  more  powerful 
irritation,  of  bringing  the  whole  heart  to  a  standstill  in  diastole 
(Ed.  Weber,^  Ludwig,"  Budge  '^).  In  mammalia,  and  especially  in 
man,  such  an  excitation,  originating  in  the  origin  of  the  vagus  in 
the  medulla  oblongata,  is  kept  up  throughout  the  whole  of  life,  so 
that  section  of  the  vagi  suddenly  increases  the  frequency  of  the 
pulse. 

The  vagus  contains,  in  addition  to  inhibitory  fibres,  others  which  accelerate 
the  heart ;  after  poisoning  with  atropia,  which  paralyses  the  inhibitory  fibres, 
excitation  of  the  vagus  quiclisns  the  heart,  Schmiedeberg."  Very  slight  ex- 
citations of  the  vagus,  even  without  ati-opia,  occasionally  cause  an  increase  in  the 
number  of  heart-beats  (SchifF,^  Giannuzzi). 

In  relation  to  the  heart,  the  vagus  belongs  to  the  group  of  '  reffulating 
nerves  '  (consult  on  tnis  subject  Chapters  IX.  and  XI.) 

In  man  the  vagus  can  be  occasionally  irritated  by  mechanical  means,  as  by 
pressure  (Ozermali,  Ooncato). 

When  both  vagi  are  subjected  to  the  same  degree  of  irritation,  it  is  found 
that  the  right  vagus  possesses,  in  the  lower  animals,  a  more  powerful  inhibitory 
action  on  the  heart  than  the  left  (Masoin,"'  Arloin,  and  Tripier  A  short  in- 
terval elapses  between  the  time  of  commencement  of  the  irritation  of  the  vagus 
and  that  of  the  display  of  its  inhibitory  action  ('  Latent  Period,'  Bonders,  Prahl, 
and  Nuel The  irritation  of  the  vagus  need  not  necessarily  be  the  same  as 
that  required  to  induce  tetanus  generally,  in  order  to  induce  the  inhibitory  in- 
fluence, but  it  sufiices  if  it  consists  of  separate  irritations  following  one  another 
rhythmically  with  moderate  rapidity  (v.  Bezold).  During  the  arrest  of  the 
heart  brought  about  by  irritation  of  the  vagus,  any  immediate  excitation  of  the 
organ  gives  rise  to  a  single  and  regular  coutra<-tion.  When  a  vagus  has,  by 
repealed  stimulation,  been  exhausted,  the  beatings  of  the  heart  recommence. 
If,  when  one  vagus  has  been  exhausted,  the  other  be  stimulated,  it  too  is  in- 


^  Knoll,  Sitzungsben'chle  d.  Wiener  Akademie  vnm  Juli  18,  1872. 

2  Nnwvncki,  Ueher  den  Einfluss  des  Blvtdruckes  auf  die  Hdufigkeit  der  Herzschlage, 
Ludwic's  Festgahe,  p.  20.5. 

^  Tschiriew,  'Ueber  den  Einfluss  der  Blutdruckschwankungen  auf  den  Herzrhythmus,' 
Archiv  f.  Anaf.  v.  Plujs'ol.  1877.    Phvsiol.  Abtheil,  p.  116. 

■*  Coates,  Wie.  andern  sich  durch  die  Krrequnq  des  N.  Vagus  die  Arbeit  und  die  innerii 
fize  des  Hevzens?  Ijiidwiii's  ^rheiteti,  1870. 

•  ^  Weber  in  VVatrner'a  Hnndivorierhurh  der  Phys.    Vol.  iii.  p.  31. 
6  Ludwitc  nnd  Tloffa,  Henle's  Zeitschrift  f.  rut.  Med.    Vol.  ix.  p.  107. 
'  liw^itc,  Arclnv.  f.  pliT/s.  Ileilk.    Vol.'v.'p.  319. 
"  Pelimiedeberg,  Ludwif/'s  Arhelten.    1871,  p.  46. 
!>  Sfthiir,  Pkysinlogie,  ]8o9,  pp.  187  nnd  417. 

>o  Mafdin,  Jiidl.  de  VAcad.  Roy.  de  Med.  de  Belglqop.    3rd  scries,  vol.  vi.  p.  4. 
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»2  Donders,  Proceedings  of  R.  Acad,  of  Sciences  of  Amsterdam,  1869-70,  No.  2. 
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capaVe  of  affectinpr  the  heart  (Tarchanoff  and  Puelma  ').  This  is  undoubtedly 
not  always  the  case  (Gamgee  and  Priestley). 

In  the  heart  of  the  frog,  the  piienomena  due  to  initalion  of  the  vagi  may  be 
induced  by  exciting  the  sinus  venoms,  to  which  the  fibres  of  the  vagus  run. 
Poisoning  with  curare  or  atropia,  as  well  as  powerful  cooling,  paralyses  the 
terminations  of  the  vagus  in  the  heart ;  nicotia  stimulates  them  first,  and  then 
paralyses  them. 

Muscaria  causes  the  heart  to  stop  in  diastole,  and  its  effect  is  not  counter- 
acted by  curare  or  nicotia,  but  by  atropia  (Schraiedeberg  ''■).  These  facts  would 
appear  to  indicate  that  muscaria  stimulates  an  inhibitory  apparatus ;  not  the 
vagus  endings  wliicli  curare  or  nicotic  act  upon,  but  probably  an  inhibitory 
centre,  which  the  peripheral  ends  of  the  vagus  communicate  with,  and  the  in- 
fluence of  the  stimulation  of  which  this  centre  transmits  to  the  heart.  This  in- 
hibitory apparatus  would  appear  to  be  paralysed  by  atropia  but  not  by  nicotia. 

The  Inhibitory  Centre  is  in  warm-blooded  animals  continually 
in  action ;  and,  like  the  respiratory  centre  which  is  quite  close  to 
it,  is  perpetually  under  tlie  influence  of  numerous  afferent  nerves, 
whose  excitation  causes  the  heart  to  beat  more  slowly  so  long  as 
one  or  both  vagi  are  uninjured.  To  this  group  belong  most 
different  sensory  nerves  (Loven,^  Kratschmer),  the  vagus  itself 
(v.  Bezold,  Bonders,  Aubert  and  Roever  * ;  one  vagus  receiving  a 
central  excitation  whilst  the  other  is  intact),  the  cervical  and 
abdominal  sympathetic  cords  and  the  splanchnic  (Bernstein^); 
mechanical  excitation  (striking)  of  the  abdominal  viscera  likewise, 
in  a  reflex  manner,  slows  the  pulse  (Groltz,^  and  it  does  so  most 
readily  in  inflammatory  conditions,  Tarchanoff).  On  the  other 
hand,  the  activity  of  the  inhibitory  centre  is  lessened  by  inflating 
the  lungs  (Hering). 

The  activity  of  the  inhibitory  centre,  like  that  of  the  respira- 
tory centre,  is  increased  by  the  state  of  the  blood  which  leads  to 
dyspnoea  (compare  Chap.  IV.),  and  may,  indeed,  assume  a  simi- 
larly rhythmical  character  (observed  when  air  containing  carbonic 
acid  is  introduced  into  the  lungs,  Traube) ;  a  rhythmically  in- 
creased activity  of  the  inhibitory  centre  actually  coincides,  even  in 
the  normal  condition,  with  each  inspiration  (Donders).  Increased 
arterial  pressure  in  the  brain  increases  the  excitation  (activity)  of 
the  inhibitory  centre. 

After  division  of  the  above-mentioned  afferent  nerves,  it  is  said  that  the 
tonic  aclivitv  of  the  vagus  centre  ceases ;  which  would  prove  that  the  excitation 
of  the  vagus  by  its  centre  is  a  reflex  phenomenon  (Bernstein).  The  reflex 
actions  referred  "to  in  the  preceding  paragraph  maybe  prevented  by  powerfid 
stimulation  of  sensory  nerves. 


1  TarchanoflT  et  Piielma,  Archives  de phys.  norm,  et  Path.    1875,  p.  498. 

2  Sclimiedeberg,  Untersnchtmgen  iiber  eiwge  Giftwirkungeu  am  Froschherzen,  Ludwig  s 

^'^•M^ovenl^'ueber  ErweiTerung  von  Arterien  durch  Nervenerregung,'  Ber.  d.  k.  sacks.  Ges. 
d.  Wissenschaft.    1866,  P  85 

4  Aubert  u  Roever,  Pfiuger's  Archw.    Vol.  i.  p.  224. 

'•>  Bernstein,  '  Zur  Innervation  des  Herzens,'  Cevtralblatt  f.  d.  med.  Wtssenschaft.  186/, 
■^'""e^Goltz,  Vagus  und  Herz,  Virchow's  Archiv.    Vol.  xxvi.  pp.  1-33. 
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c.  Accelerating  Nerves. 

Stimulation  of  the  medulla  oblongata,  or  of  spinal  cord  in  the 
cervical  region,  causes  an  increased  frequency  of  pulse  by  exciting 
the  accelerating  nerves  y^hich.  proceed  to  the  cardiac  plexus  through 
the  rami  communicantes  of  the  lower  cervical  nerves,  and  through 
the  ganglion  stellatum ;  direct  excitation  of  these  nerves  in  any 
part  of  their  course  leads  to  the  same  result  (v.  Bezold,'  M.  and  E. 
Cyon,2  Schmiedeberg,  &c.)  The  centre  which  presides  over  these 
accelerating  nerves,  the  conditions  of  the  activity  of  which  are 
altogether  unknown,  appears  to  reside  in  the  medulla  oblongata  ; 
it  is  not  constantly  in  a  state  of  activity,  for  section  of  the  spinal 
cord  is  attended  by  no  slowing  of  the  pulse,  providing  that  the  in- 
direct slowing  due  to  changes  in  the  blood  pressure  have  been 
prevented  by  previously  dividing  the  splanchnics  (brothers  Cyon). 

Seeing  that  tlie  cervical  spinal  cord  contains  vaso-motor  fibres  wliose  excita- 
tion raises  the  blood  pressure  and  thereby,  according  to  some,  increases  the  fre- 
quency of  the  pulse,  the  existence  of  accelerating  nerves  of  the  heart  could  only 
be  proved  by  exciting  these  nerves  directly.  Proof  of  a  more  indirect  Viud  is, 
however,  afforded  by  the  fact  that  excitation  of  the  spinal  cord,  even  after  the 
most  important  vaso-motor  nei-ves  (the  splanchnics)  have  been  divided,  leads  to 
an  acceleration  of  the  pulse  ;  and  conversely,  that  after  the  cervical  nerves  have 
been  cut  across,  stimulation  of  the  spinal  cord  leads  to  a  lesser  degree  of 
acceleration  (only  an  indirect  acceleration,  or,  according  to  some,  to  no  accele- 
ration) than  before. 

The  occurrence  of  the  accelerating  action  on  direct  stimulation  follows  it 
much  more  slowly  than  do  the  effects  observed  on  stimulating  the  vagus  ;  not 
only  does  the  effiect  follow  much  more  slowly  (i.e.  the  latent  period  is  very  much 
longer),  but  it  disappears  more  slowlJ^  If  excitation  of  the  vagus  is  superposed 
upon  excitation  of  the  accelerating  nerves,  it  leads  to  the  same  degree  of  relative 
slowing  as  when  the  nerves  are  inactive  ;  the  action  of  the  one  nerve  does  not 
interfere  with  that  of  the  other.  They  have,  therefore,  in  all  probability  dilFe- 
rent  relations  to  the  heart,  and  are  not  purely  antagonistic  (Ludwig,  with 
Schmiedeberg,  Bowditch,*  and  Baxt*). 


2.  Innervation  of  Blood  Vessels. 

The  calibre  of  the  arteries  varies,  quite  independently  of  their 
elasticity,  with  the  degree  of  contraction  of  the  smooth  muscular 
fibres  which  are  contained  in  their  coats.  The  latter  are  influenced 
by  a  variety  of  circumstances ;  thus,  contraction  of  arteries  is 

1  V.  Bezold,  Untersuchuvgen  ilher  die  Innervation  des  Herzens. 
M.  and  E.  Cyon,  '  Ueher  die  Innervation  des  Ilerzens  von  Rllckeninarke  aus,'  Archiv 
fur  Anatomie  u)id  Physiolngie.  1867. 

Schmiedeberg,  Ueber  die  Innervationsoerlmltnisse  dts  Tlitndeherzens,  Ladwis's  Arbeiten 
1872.  p.  34.  ° 

*  Bowditch,  TJeber  die  Interferenz  der  retardirenden  und  heschleuniqenden  ffe'-znerven. 
Lud wig's  Arbeiten.  1872. 

^'^"^       Slellung  des  N.  Vagus  ium  N.  accelerans  Cordis,  Liuhvig's  Arbeiten. 
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increased  by  cold,  and  diminished  by  heat.  Even  the  blood  pres- 
sure and  the  quantity  of  g'ases  which  the  circulating  blood  con- 
tains appear  to  exert  an  influence  on  the  contraction  of  arteries 
(Ludwig  and  Sadler,'  Hafiz,^  and  Mosso^);  chiefly,  however,  the 
calibre  of  the  arteries  depends  upon  the  state  of  irritation  of  the 
nerves  which  govern  the  muscular  structures  of  the  vessels,  the 
vaso-motor  nerves  (Bernard^).  In  the  case  of  the  majority  of 
these  a  continuous  '  tonic '  state  of  excitation  has  been  proved  to 
exist,  so  that  their  section  leads  to  a  paralysis  of  the  muscular 
fibres  of  vessels,  to  a  dilatation  of  the  artery,  to  an  increased  flow 
of  blood  through  the  organ  concerned,  and,  consequently,  to  its 
becoming  red,  to  its  temperature  becoming  higher,  and  to  an 
increased  transudation  through  its  capillaries.  The  flow  of  blood 
may,  under  these  circumstances,  increase  so  much,  that  the  blood 
may  pass  into  the  veins  without  having  lost  its  arterial  colour, 
and  the  pulse  waves  may  be  propagated  even  to  the  veins  (Ber- 
nard. Compare  p.  104.)  The  irritation  of  the  peripheral  end  of 
vaso-motor  nerves  must,  conversely,  lead  to  a  narrowing  of  arteries, 
and  to  a  diminution  of  the  flow  of  blood,  even  to  its  complete 
stoppage,  so  that  the  parts  of  the  body  concerned  necessarily 
become  pale,  cold,  and  the  seat  of  scantier  transudation  from  the 
blood  (parenchy  i  atous  juices,  secretions,  &c.) 

Nothing  is  yet  known  concerning  the  relations,  if  any,  of 
vaso-motor  nerves  to  veins.  It  has  often  been  submitted  that 
capillaries  are  endowed  with  contractility,  but  nothing  definite 
in  relation  to  this  matter  has  been  made  out. 

A  jifi'istdlUc  contraction  of  tlie  arteries,  passing /ro?H  the  main  trunks  towards 
the  capillaries,  would  drive  the  blood  actively  into  the  capillaries,  and  thus  aid 
iu  the  circulation.  That  this  takes  place  during  life  is  not  positive.  After 
destruction  of  the  motor  power  of  the  heart,  however,  an  active  emptying  of 
the  arteries  into  the  veins  is  brouj^ht  about  by  stimulation  of  the  vaso-motor 
centres  (Goltz,  Thiry,  v.  Bezold),  and  it  is  probable  that  the  emptiness  of  the 
arteries  after  death  is  to  be  attributed  to  the  persistent  activity  of  the  same 
centre.  Blushing  and  erection  of  the  penis  are  the  best  Imown  phenomena  pro- 
duced by  the  action  of  nerves  on  the  local  movements  of  the  blood. 

The  vaso-motor  nerves  run  partly  in  spinal,  partly  in  sympa- 
thetic trunks ;  for  instance,  in  the  cervical  portion  of  the  sympa- 
thetic for  the  scalp,  conjunctiva,  and  salivary  glands  (Bernard 
(in  part  also  in  the  N.  Auricularis  magnus,  Schiff"  and  Loven); 
in  the  anterior  roots  of  the  spinal  nerves  for  the  lower  extremities 
(Pfliiger®),  first,  however,  joining  the  rami  communicantes  of  the 

1  Sadler,  Ueber  den  Blutstrom  im  den  ruhenden,  verkzUrzten  und  ermiideteii  Mushdn  des 
lehenden  Tliieres,  Ludwig's  Arbeiten.  1870. 

2  Hnfiz,  Lvdwixj's  Arbeiten.  1870. 

3  Mosso,  'Von  einifjen  iieuen  Eigenscliaften  der  Gefilsswnnd,'  Bcricht.  d.  k.  s'dchs.  Geselhch. 
d.  Wisseiischnft.    187,5,  p.  30o. 

^  Hernard,  Le  gr..}id  St/mpatliiqiie.  18.")4. 

T$ornnrd,  'Recherches  exp(^riin('nt,nlossnrles  nerfs  Vnsciilnires,'  Comptrs  Bendus.  18G2, 
6  PflUger,  Med.  Centralzty.  1856  «.  185G  (quoted  by  Wundt). 
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sympathetic  (Bernard).  The  vaso-motor  nerves  of  the  upper  ex- 
tremities proceed  from  the  middle  dorsal  roots  to  the  sympathetic 
chain,  thence  to  the  first  thoracic  ganglion,  and  thence  through 
the  rami  communications  to  the  plexus  brachialis  (E.  Cyon^).  The 
capacious  vascular  system  of  the  viscera  ^  receives  its  fibres  from 
the  splanchnics,  which  are,  consequently,  the  most  influential  of 
the  vaso-motor  nerves  (v.  Bezold,  Cyon,  and  Ludwig).  The  lungs 
receive  their  vaso-motor  nerves,  whose  tonus  is  but  small,  not  as 
was  formerly  erroneously  surmised,  from  the  vagus,  but  from  the 
cervical  portion  of  the  spinal  cord,  through  the  first  thoracic 
ganglion  (Brown  Sequard,  Fick  and  Badoud,  Lichtheim). 

A  common  central  organ  for  the  vaso-motor  nerves  is  situated 
in  the  medulla  oblongata,  by  stimulating  which,  the  spinal  cord 
and  sympathetic  being  uninjured,  contraction  of  all  the  small 
arteries  is  produced,  and,  as  a  consequence,  increase  of  the  blood 
pressure  in  the  arterial  trunks,  and  turgescence  of  the  heart  (Lud- 
wig and  Thiry  ^) ;  for  a  description  of  this  see  Chapter  XI.  This 
central  organ  is  constantly  in  action,  and  this  explains  the  tone  of 
the  vaso-motor  nerves.  Division  of  the  spinal  cord  in  its  cervical 
portion  abolishes  this  tone,  thus  causing  dilatation  of  all  the 
arteries. 

As,  however,  after  some  time  the  tone  is  (in  part)  restored, 
and  disappears  again  when  the  spinal  cord  is  destroyed,  we  must 
conclude  that  the  spinal  cord  also  contains  vaso-motor  centres, 
which,  however,  are  not  usually  in  a  state  of  tonic  activity  (Groltz, 
Vulpian). 

Even  some  time  after  division  of  the  vaso-motor  nerves  the 
arterial  tonus  returns  (Schiff).  This  points  to  the  existence  of  more 
widely  diffused  ganglionic  centres,  in  immediate  relation  with  the 
blood  vessels ;  centres  the  existence  of  which  is  supported — by  the 
phenomena  of  inflammation  described  at  page  119 — by  the  inde- 
pendent pulsations  of  blood  vessels  which  are  observed  in  many 
localities,  even  after  division  of  the  vaso-motor  nerves, — by  the 
action  which  heat  possesses  of  causing  vascular  dilatation,  and, 
lastly,  by  the  existence  of  nerves  whose  excitation  causes  the  dila- 
tation of  blood  vessels. 

Vascular  dilatation  as  an  effect  of  the  excitation  of  nerves  had 
long  been  observed  to  occur  in  certain  regions  (Bernard,''  Schiff, 
Loven,^  and  others) ;  lately  the  general  existence  of  vaso-dilator 

^  '  E.  Cyon,  Ueber  die  Wurzeln  (lurch  welche  das  RiickenTnark  die  Gefdssnerven  f  iir  die 
Vorderpfote  avssendet.  Ludwig's  Aibeiten.    1869,  p.  62. 

2  This  vascular  division  is  so  large,  that  it  can  contain  almost  the  whole  of  the  blood 
of  the  bodj' :  on  tying  the  portal  vein,  for  instance,  animals  subjected  to  the  operation  die 
of  anaemia,  because  the  whole  of  the  blood  remains  in  the  visceral  vessels  (Ludwiff  and 
Thir)-). 

3  Ludwig  und  Thiry,  '  Ueber  den  Einfluss  dcs  Halsmarkes  anf  den  Blutstrom,'  Sitz- 
ungsber.  d.  Aliad.  d.  Wissensclinft  zu  Wien.    1864,  p.  421. 

4  Bernard,  Journal  de  la  PInjsiologie.  1862,  p.  416. 

*  Lov^n,  'Ueber  die  Erweiterung  von  Arterien  in  Folge  einer  Nervenerregung,'  Lud- 
wig's Arbeiten.   1866,  p.  1. 
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nerves  has  been  ascertained  (Groltz,'  Heidenhain,  and  Ostroumoff,'' 
Kendal  and  Luclisinger  The  most  probable  hypothesis  in  refer- 
ence to  these  nerves  is,  that  they  are  inhibitory  nerves  for  the 
ganglia  of  the  blood  vessels,  whose  function  it  is  to  transmit  to  the 
latter  the  action  of  vaso-motor  nerves,  or  which  under  certain  cir- 
cumstances can  originate  an  independent  tonus.  The  vaso-dilator 
nerves  are  not  in  a  state  of  continual  activity,  i.e.  they  possess  no 
tone ;  their  central  organs  appear  to  be  distm-bed  in  a  similar 
manner  to  those  of  the  vaso-motor  nerves. 

In  many  parts  of  the  body  the  vaso-dilator  nerves  run  in  separate  paths 
from  the  vaso-motor ;  in  other  parts  they  are  fomid  mixed  with  the  vaso- 
motor nerves.  In  tlie  first  case  their  discovery  is  easily  eftected  by  the  method 
of  stimulation.  Thus  stimulation  of  the  corda  tympani  leads  to  dilatation  of 
the  blood  vessels  of  the  submaxillary  glands  (Bernard,*  compare  Ohap.  II.),  and 
of  the  anterior  part  of  the  tongue  (Vulpian  Similarly  acts  stimulation  of  the 
glosso-pharyngeal  nerve  upon  the  posterior  part  of  the  tongue  (Vulpian) ; 
stimulation  of  the  nervi  erigentes  causes  erection,  i.e.  dilatation  of  the  arteries 
and  corpora  cavernosa  of  the  penis  (Eckhard,^  Lov(5n).  In  the  head  one  can 
observe,  even  after  section  of  the  vaso-motor  nerves  (cervical-sympathetic),  that 
the  ear  blushes  under  the  influence  of  psychical  stimuli  (Schiff). 

The  muscular  arteries  dilate  on  stimulation  of  their  nerves  or  of  the  spinal 
cord,  and  independently,  too,  of  the  commencement  of  muscular  contraction 
(Ludwig  with  Sczelkow,  Hafiz,  Sadler,  and  Gaskell ').  In  the  extremities  the 
nerve  trunks  contain  both  kinds  of  vascular  nerves  (Goltz  ^)  ;  on  weak,  especially 
on  rhythmical  stimulation  of  the  trunks,  the  eflfect  of  the  vaso-dilatant  nerves 
preponderates,  and  the  same  usually  follows  on  exciting  the  divided  trunks  some 
days  after  their  section,  as  the  vaso-motor  fibres  are  the  fii'st  to  degenerate ; 
on  the  other  hand,  powerful  stimulation  of  fresh  nerves  leads  to  vascular  con- 
striction. The  sciatic  nerve  derives  both  constricting  and  dilating  fibres  from 
the  sympathetic  (OstroumofF,  Kendal,  and  Luchsinger). 

The  activity  of  the  vaso-motor  centre  depends  upon  conditions 
which  are  very  similar  to  those  which  afifect  the  inhibitory  centre 
for  the  heart.  Centripetal  nerve  j&bres  which  intensify  the  tonic 
excitation  of  the  centre  (so-called  '■'pressor''  fibres)  are  contained 
in  the  vagus,  specially  in  its  superior  laiyngeal  branch,  and  even 
more  abundantly  in  the  cervical  sympathetic  ( Aubert  and  Koever  ^)  ; 
further,  every  excitation  of  a  sensory  nerve  leads  to  a  general  con- 
traction of  blood  vessels  (Loven).  Certain  centripetal  (depressor) 
fibres  contained  in  the  vagus,  which  in  some  animals  are  contained 
in  a  separate  branch  which  arises  from  the  heart,  the  ramus 
depressor  (Cyon  and  Ludwig  ^°),  diminish  the  vascular  tone. 

1  Goltz.  Pflilger's  Archiv.    Vol.  ix.  p.  174  ;  vol.  xi.  p.  62. 

2  Heidenhain,  Pfliiger's  Archiv.  Vol.  v.  p.  40.  Ostroumoff,  Pflnger's  Archiv.  Vol.  xii. 
P-  219. 

3  Kendal  und  Luchsinger,  Pflilge7-'s  Archiv.    Vol.  xin.  p.  ]9/._ 

4  Bernard,  Lemons  surlen  liquides  de  V  Organisme.    Vol.  ii.  p.  272. 

5  Vulpian,  Lcgnns  sur  les  Vaso-Moteurs.  1874. 

6  Eckhard,  Beitrage.  1863. 

7  Sczelkow,  Sitzungsberichte  d.  Wien.  Ahad.  vol.  xlr.  Hafiz,  Ber.  d.  k.  s'dchs.  Gesell- 
schaft  der  Wixsenschaften  zu  Leipziq,  vol.  xxii.  (1870),  p.  215.  Sadler,  Ber.  d.  k.  sdchs. 
Ges  zu  Leipzig,  vol.  xxi.  (1869),  p."  189.  Gaskell,  Ludwig's  Arbeiten,  1876  ;  Journal  of 
yl«a<.  flnrf  P/issio^i/,  vol.  xi.  pp.  360  and  720.  ^  ,    ,„  »  isfi« 

8  Goltz  foe.  cif.  ®  Aubert  und  Rocver,  Lentralhiatt.  1868. 
10  ('y(in  and  Ludwig,  Ber.  d.  k.  sdchs.  Gesell.  zu  Leipzig.    1866,  p.  o07. 
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The  centripetal  irritation  of  many  sensory  nerves  causes  dilata- 
tion of  the  vessels  distributed  to  the  part  supplied  by  the  nerve 
(Loven).  According  to  another  account  all  sensory  nerves  contain, 
like  the  vagus,  both  pressor  and  depressor  fibres  (Latschenberger 
and  Deahna 

The  tone  of  the  vaso-motor  centre  is,  further,  dependent  upon 
the  gases  contained  in  the  blood.  When  the  quantity  of  carbonic 
acid  increases  (in  asphyxia,  when  an  atmosphere  containing  much 
carbonic  acid  is  inhaled)  the  smaller  arteries  generally  contract 
with  an  increase  of  the  intracardiac  pressure  and  a  distension  of  the 
heart  (Thiry)  ;  this  contraction  intermits,  however,  in  a  regular 
rhythmical  manner  (Traube),  and  the  rhythm  coincides  with  the 
respiratory  excitations  (Hering).  These  phenomena  occur  even 
when  the  carotids  have  been  occluded,  whereby  the  blood  which  is 
stagnant  in  the  brain  becomes  fitted  to  induce  dyspnoea  (Nawali- 
chin,  S.  Mayer  ;  compare  Chap.  IV.) 

Tlie  inhalation  of  irritating  vapours  through  the  nostrils  exerts  a  pressor- 
iivfluence  through  the  medium  of  the  trigeminus  (5th)  nerve.  Similarly  acts 
mechanical  m-itation  of  the  stomach,  and  especially  of  its  serous  coat.  The 
pressor  action  of  sensory  nerves  is  only  present  as  long  as  the  brain  is  intact . 
(E.  Cyon).  The  respiratory  variations  in  the  blood  pressure  which  vrere  pre- 
viously alluded  to,  appear  in  part  to  be  in  relation  with  the  rhythmical  activity 
of  the  vaso-motor  centre  (Scluff). 

Many  of  the  facts  which  have  been  adduced  point  to  the  exist- 
ence of  a  complex  regulating  system,  by  which  the  velocity  and 
the  pressure  of  the  blood  flowing  into  the  capillaries  are  maintained 
constant  or  within  the  limits  necessary  to  the  functional  activity 
of  the  organs.  It  is  specially  to  be  noticed  that  a  high  pressure 
in  the  arterial  system,  and  in  the  heart,  on  the  one  hand,  increases 
the  activity  of  the  heart,  on  the  other  (through  the  N.  depressor), 
diminishes  the  resistance  which  it  has  to  overcome,  by  causing  a 
relaxation  of  the  peripheral  arteries.  Our  knowledge .  is  as  yet  far 
too  incomplete  to  permit  of  our  understanding  the  complete 
mechanism.  (For  the  regulation  of  the  blood  pressure  in  the  brain 
consult  Chap.  XI.) 

[Summary  of  the  Relations  of  the  Nervous  System  to  the 
Organs  of  the  Circulation. 

It  may  probably  facilitate  the  comprehension  of  this  somewhat 
intricate  subject  by  the  student  who  is  just  entering  upon  its 
study,  if  a  somewhat  dogmatic  summary  be  given  of  the  conclu- 
sions to  be  drawn  from  a  study  of  the  preceding  pages. 

From  what  has  preceded,  the  reader  has  learned  that  the  central 
organ  of  the  circulation,  the  heart,  possesses  an  intrinsic  nervous 
mechanism  of  its  own,  in  virtue  of  which  it  continues  to  pulsate  in 

1  Latschenberger  u.  Deahna,  Pfluoei-'n  Archiv.    Vol.  xiii.  p.  212. 
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an  orderly,  rhythmical  manner  when  separated  from  all  other  nervous 
connections.  What  the  precise  relations  of  the  nervous  mechanism 
to  the  muscular  substance  may  be  is  not  yet  known. 

This  intrinsic  nervous  mechanism  is  connected  with  the  cerebro- 
spinal axis  by  (^)  efferent  fibres,  {E)  afferent  fibres. 

A.  The  efferent  fibres,  which  proceed  from  the  cerebro-spinal 
axis  to  the  intrinsic  nervous  mechanism,  are  of  two  kinds.  The 
first  and  most  important  are  contained  in  the  pneumogastric  nerve, 
and  proceed  from  a  nerve  centre  situated  in  the  medulla  oblongata, 
termed  the  inhibitoi^  centre,  which  is  in  a  state  of  perpetual 
activity.  These  fibres  of  the  vagus  are,  like  the  centre  whence  they 
proceed,  perpetually  in  action  (though  the  intensity  of  the  activity 
varies),  and  the  result  of  their  activity  is  to  inhibit  (i.e.  to  moderate 
or  restrain)  the  contractions  of  the  heart,  which  beats  normally 
more  slowly  than  it  would  do  were  they  in  abeyance ;  we  know  of 
no  anatomical  facts  teaching  us  how  these  inhibitory  fibres  of  the 
vagus  are  connected  with  the  cardiac  motor  ganglia.  Physiological 
facts  offer,  however,  strong  presumptive  evidence  in  favour  of 
somewhat  complex  apparatuses  intermediate  between  the  termina- 
tions of  the  vagus  and  the  motor  ganglia. 

The  second  set  of  efferent  fibres  also  appear  to  proceed  from  a 
centre  in  the  medvilla  oblongata,  but  pass  down  the  spinal  cord, 
issuing  from  it  at  the  lower  part  of  the  cervical  region,  and,  passing- 
through  the  last  cervical  or  first  dorsal  sympathetic  ganglia,  make 
their  way  in  sympathetic  trunks  to  the  cardiac  plexuses,  and  so  to 
the  intrinsic  nervous  mechanism.  These  nerves  are  not  usually  in 
a  state  of  activity,  and  the  result  of  their  intermittent  activity  is 
to  accelerate  the  movements  of  the  heart.  The  complexity  of  their 
connection  with  the  intrinsic  mechanism  is  evidenced  by  the  long 
period  which  elapses  between  their  stimulation  and  the  result  of 
,that  stimulation. 

B.  The  intrinsic  nervous  mechanism  transmits  to  the  cerebro- 
spinal axis  afferent  nerve  fibres,  which  are  contained  in  the  trunk 
of  the  pneumogastric,  or  in  some  of  its  cardiac  branches.  These 
fibres  may  be  divided,  according  to  their  functions,  into  thi'ee 
groups.  Firstly,  some  appear  to  be  fibres  ministering  to  common 
sensibility ;  secondly,  some  are  excito-cardio-inhibitory,  i.e.  are  in 
relation  to  the  inhibitory  centre  in  the  medulla,  the  activity  of 
which  they  can  increase,  so  as  to  lead  in  a  reflex  manner  to  a  slow- 
ing of  the  heart ;  thirdly,  others  are  depressors  of  the  tone  of  the 
vaso-motor  centre.  These  fibres  thus  establish  a  relationship 
between  the  nervous  apparatus  of  the  heart  and  that  of  the  blood 

The  muscular  elements  of  all  the  arteries  of  the  body  receive 
efferent  nerve-fibres,  termed  vaso-motor  fibres,  but  which,  to  dis- 
tinguish them  from  other  fibres  to  be  presently  mentioned,  we 
may  designate  vaso-constnctor  fibres,  which  proceed  from  so- 
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called  vaso-motor  centres,  of  which  the  chief  is  situated  in 
the  medulla  oblongata.  These  fibres  are  in  a  state  of  perpetual 
activity,  thoug-h  the  intensity  of  that  activity,  like  that  of  the 
respiratory  and  inhibitory  centres,  undergoes  slight  rhythmical 
variations ;  the  result  of  the  activity  of  the  vaso-motor  nerves  is 
to  maintain  the  arteries  in  a  state  of  semi-contraction  called 
arterial  tonus,  or  tone,  which  varies  in  intensity  according  to  the 
greater  or  less  activity  of  the  vaso-motor  centre  or  centres. 

But  in  addition  to  the  vaso-motor  nerve  fibres  there  are  other 
efferent  fibres  connected  with  blood  vessels,  the  result  of  the 
activity  of  which  is  opposed  to  that  of  the  vaso-motor  fibres ;  these 
may  be  termed  the  vaso-dilator  nerves ;  unlike  the  vaso-constrictor 
fibres,  they  are  usually  not  in  action.  When  we  attempt  to  realize 
the  arrangements  of  these  dilator  nerves  we  are  at  first  met  by 
great  difficulties.  We  know  of  no  nerve  fibres  in  the  body  which, 
when  excited,  lead  to  the  elongation  of  muscular  fibres.  The 
excitation  of  one  nerve  may,  it  is  true,  undo  the  mechanical  effect 
of  stimulation  of  another  nerve,  by  bringing  into  action  a  second 
set  of  muscular  fibres  which  will  counterbalance  the  effect  pro- 
duced by  the  contraction  of  the  first  set,  but  there  is  no  evidence 
of  the  existence  of  different  arrangements  of  muscular  fibres  in 
arteries.  How,  then,  may  the  action  of  vaso-dilator  nerves  be 
explained  ?  By  supposing  them  to  be  inhibitory  nerves  which, 
when  excited,  are  capable  of  preventing  the  transmission  of  the 
activity  originating  in  vaso-motor  centres. 

As  is  mentioned  in  the  text,  numerous  physiological  facts 
prove  that,  in  certain  regions,  local  nerve  centres  are  connected 
with  vascular  areas ;  anatomical  proofs  that  such  connections  are 
almost  universal  are  continually  accumulating.  Those  ganglia  in 
close  proximity  to  arteries  have  doubtless  the  most  intimate  relations 
both  with  vaso-constrictor  nerves  and  vaso-dilator  nerves.  When 
the  latter  are  inactive,  the  state  of  activity,  originating  in  a  more 
central  vaso-motor  centre,  may  be  supposed  to  travel  unmodified 
through  the  local  centre  presiding  over  the  vascular  area.  Griven, 
however,  a  sufficiently  powerfial  excitation  of  vaso-dilator  nerves, 
and  an  effect  will  be  produced,  in  the  local  ganglion,  which  will 
enormously  increase  the  resistance  to  the  transmission  of  vaso- 
motor impulses,  and  the  result  will  be  that  the  vaso-motor  nerves 
of  the  part  will  cease  to  be  active,  and  the  arteries  will  dilate. 

The  student  will  therefore,  in  constructing  an  ideal  schema  of 
the  innervation  of  blood  vessels,  introduce  as  necessary  elements, 
first,  a  centrally  situated  vaso-motor  centre,  or  rather  centres, 
whence  proceed  vaso-constrictor  nerves,  which,  passing  through  a 
second  peripherally  disposed  ganglionic  centre  or  centres,  are  ulti- 
mately distributed  to  the  muscular  elements  of  blood  vessels ;  the 
first-named  centre  being  in  connection  with  some  fibres  which  in- 
crease its  activity,  and  by  others  which  diminish  it.    Secondly,  a 
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centrally  situated  vaso-dilator  centre,  or  centres,  whence  jDroceed 
vaso-dilator  nerves,  which  ultimately  end — not  in  contractile  ele- 
ments— but  in  the  above-mentioned  peripherally  disposed  ganglia, 
through  which  the  vaso-motor  nerves  directly  or  indirectly  pass.] 

Frequency  of  the  Pulse. 

From  the  facts  which  have  been  adduced,  it  follows  that  the 
frequency  of  the  pulse,  the  height  of  the  blood-pressure,  and  the 
velocity  of  the  circulation  depend  upon  very  numerous  influences. 
The  mean  frequency  of  the  pulse  in  the  adult  amounts  to  seventy- 
two  beats  in  the  minute ;  in  the  foetus,  however,  it  is  much  greater 
(184);  the  pulse  falls  to  the  twenty-first  year.  In  old  age  the 
frequency  again  appears  to  increase. 

The  frequency  of  the  pulse  is  very  liable  to  vary ;  thus  strong 
mental  emotions  exert  a  powerful  action  upon  it,  probably  through 
the  vagi.  The  following  are  the  influences  which  chiefly  affect  the 
pulse  rate.  Temperature :  heat  increases,  cold  diminishes  the 
frequency  of  the  pulse  (either  by  a  direct  action,  or  more  probably 
in  a  reflex  manner).  Movement  increases  the  frequency.  Position 
of  the  body  :  when  the  body  is  vertical,  though  the  muscles  be  at 
rest,  the  frequency  of  the  pulse  is  greater  than  when  it  is  horizontal ; 
the  cause  of  this  is  unknown.  Respiration:  dming  inspiration 
the  pulse  is  slower  than  during  expiration :  further,  the  frequency 
of  the  pulse  is  greater  dming  digestion  than  during  the  intervals 
between  meals,  and  it  is  finally  greater  in  persons  of  the  female 
sex  and  of  small  stature  than  in  those  of  the  male  sex  and  of  large 
stature. 

Numerous  medicinal  substances  and  poisons  exert  an  action  on  the  fre- 
quency of  the  pulse,  as  soon  as  they  enter  the  blood.  They  do  so  partly  by  a 
direct  action  on  the  cardiac  ganglia,  partly  by  exciting  or  paralysing  the  vaffus- 
centre,  or  the  fibres  of  the  vagus,  especially  its  terminations  in  the  heart,  and 
they  possibly  even  act  on  the  accelerating  system.  The  above-meationed  in- 
fluences on  the  pulse  may  also  be  due  to  an  action  exerted  on  the  vaso-motor 
apparatus. 

\_Action  of  Medicinal  Agents  upon  the  Circulation. 

As  the  action  of  various  poisons  on  the  heart  has  thi'own  con- 
siderable light  upon  the  mechanism  of  its  innervation,  the  fol- 
lowing classification  of  the  chief  heart  poisons,  according  to  their 
probable  mode  of  action,  is  appended. 

1.  Mcotia,  Curare,  Conia  paralyse  the  communications  of  the 
vagus  with  the  inhibitory  ganglia  (in  some  cases  producing  a  pre- 
liminary stage  of  excitation).  Stimulation  of  the  vagus  is  unable 
to  slow  or  stop  the  heart ;  this  effect,  however,  follows  stimula- 
tion of  the  sinus  venosus. 
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2.  Muscarin  and  Jaborandi  ^  stimulate  the  inhibitory  appa- 
ratus, and  so  cause  the  heart  to  stop  in  diastole ;  their  action  is 
undone  by  the  subsequent  application  of  atropia,  which  is  therefore 
an  antidote  to  them ;  they  are  not,  however,  capable  of  antagonizing 
atropia. 

3.  Calabar  Bean  and  its  alkaloid  Physostigmia  increase  at  first 
enormously  the  excitability  of  the  vagus  and  stimulates  the  inhibi- 
tory mechanism.  Though  not  acting  so  intensely  on  any  part  of 
the  mechanism  as  the  poisons  in  Class  II.,  and  therefore  not  actually 
stopping  the  heart  in  diastole,  it  probably  affects  parts  of  the 
mechanism  which  they  leave  intact,  as  is  evidenced  by  two  facts  : 
1 .  That  it  removes  the  paralysis  of  the  inhibitory  mechanism  in- 
duced by  atropia ;  whilst,  2.  Atropia  removes  the  stimulating 
effects  which  it  has  induced. 

4.  Atrcypia,  Hyoscyamia,  and  Daturia  paralyses  the  whole 
inhibitory  mechanism.  Excitation  of  the  vagus  and  of  the  sinus 
venosus  are  without  effect.  Muscarin  has  no  effect ;  its  effects  on 
the  heai't  are  completely  antagonized  by  Calabar  bean. 

5.  Aconitia,  Veratria,  Digitalin,  Delphinia,  Antiar,  act 
chiefly  as  muscular  poisons,  arresting  the  ventricular  portion  of  the 
heart  in  powerful  systole,  and  affecting  the  elasticity  of  the  cardiac 
walls.] 


APPENDIX. 

EXIT  OF  BLOOD  COEPUSCLES  FKOM  UNINJURED  VESSELS. 

Emigration.  Diapedesis. 

Under  abnormal  conditions  both  red  and  colourless  blood  corpuscles 
may  leave  vessels  without  rupture  of  their  walls  ('  Diapedesis  '). 
The  escape  of  the  red  corpuscles  occurs  during  stoppage  of  the 
venous  current.  In  consequence  of  the  high  pressure  thus  result- 
ing, first  the  plasma  is  pressed  out,  and  then  the  blood  corpuscles ; 
these,  after  being  squeezed  until  all  shape  is  lost,  are  pressed  out 
like  a  fluid  mass ;  afterwards  they  resume  their  original  form 
(Cohnheim  The  same  thing  also  occurs  under  other  influences 
which  are  not  mechanical ;  for  instance,  by  the  action  of  salts  on 
exposed  vessels  (Prussak,  denied  by  Cohnheim).  Colourless  cor- 
puscles leave  the  vessels  during  inflammation  either  alone  or 

1  Langley,  'The  Action  of  Jaborandi  on  the  Heart,'  Journal  of  Anatomy  and  Phys., 
1876;  Studies  from  the  Physiological  Laboratory  in  the  University  of  Cambridge,  Tixit  11 
1876,  pp.  53-67. 

2  Cohnheim,  '  Ueber  EntzUndiing  und  Eiterung,'  Vir.chow's  Archiv,  vol.  xl.  1867. 
Ueber  venose  Stauung,'  and  vol.  xli.  220. 
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together  with  a  few  red  ones.  After  an  enlargement  of  the  small 
arteries  and  veins  has  been  caused  in  a  manner  which  is  not  yet 
understood  by  inflammatory  action,  and  the  speed  of  the  current 
within  them  has  been  considerably  lessened,  a  separation  takes 
place  of  the  colourless  elements,  which  move  slowly  along  close  to 
the  vascular  walls,  and  at  last  become  stationary,  whilst  the  red 
ones  flow  on  in  the  axis  of  the  vessels.  In  the  veins  and  capillaries 
the  colourless  corpuscles  are  then  seen  to  pass  through  the  vascular 
walls,  displaying  amoeboid  movements,  and  to  appear  outside  as 
'  pus  corpuscles '  (Cohnheim).  The  formation  of  the  above  marginal 
layer  may  be  explained  either  by  the  unequal  speed  of  the  various 
layers  of  blood,  which  would  cause  the  sphejical  colom-less  corpuscles 
to  roll  gradually  to  the  periphery,  especially  when  the  blood  stream 
has  become  sufficiently  slow  (Bonders,  Cohnheim),  or  by  a  peculiar 
adhesiveness  of  the  colom-less  corpuscles,  which  causes  them,  when 
the  current  is  sufficiently  slow,  and  they  have  accidentally  fallen 
against  the  vascular  wall,  to  adhere  to  it  (Hering).  Whether  the 
passage  of  the  corpuscles  outwards  happens  in  consequence  of  active 
amoeboid  movements  (Cohnheim)  or  by  a  kind  of  filtration  (Hering, 
Samuel),  further,  whether  the  passage  takes  place  through  open- 
ings (stomata),  which  exist  preformed  in  the  wall  of  the  vessel,  into 
the  lymph-canal  system,  is  as  yet  unknown. 
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CHAPTER  II. 

SOURCES  OE  LOSS  TO  THE  BLOOD. 
Secretion. 

The  term  '  secretion '  in  its  widest  sense  denotes  all  those  processes 
in  which  substances  quit  the  blood  in  an  altered  or  unaltered  con- 
dition. The  products  of  such  processes  are  called  '  secretions,'  and 
may  be  regarded  as  of  two  sorts,  viz. : — 

1 .  Those  liquids  or  gases  ^  derived  from  the  blood,  which  exude 
from  the  internal  or  external  surfaces  of  the  body.  Those  yielded 
by  internal  surfaces  (in  cavities  or  canals) — called  '  secretions '  in 
the  restricted  sense — are  destined  for  particular  uses  (e.g.  in  di- 
gestion), and  are  for  the  most  part  again  taken  up  by  the  blood 
after  undergoing  a  certain  amount  of  change.  Those  yielded  by 
external  sm'faces — called  '  excretions  ' — are,  on  the  contrary,  lost  to 
the  body,  although  certain  of  them  {e.g.  the  sebaceous  and  sudori- 
parous excretions)  have  certain  functions  in  connection  with  the 
surfaces  where  they  appear. 

It  will  be  seen  that  in  their  origin  there  is  no  diiference  between  secretions 
and  excretions;  certainly  the  fact  of  their  being  liberated  at  internal  and 
external  surfaces  respectively  does  not  create  a  fundamental  distinction.  If 
we  must  keep  them  separate  it  will  be  best  to  regard  those  substances  as 
excretions  which  are  incapable  of  fui-ther  use  in  the  organism  and  whose 
retention  by  it  would  be  harmful.  To  this  class  belong  certain  ultimate  results 
of  oxidation — carbonic  acid,  lu-ea,  &c.  ;  and  the  respiratoiy  and  urinary 
products  would,  therefore,  be  the  chief  excretions.  Frequently  all  the  sub- 
stances given  plf  by  the  body,  irrespective  of  their  origin,  are  called  excretions. 
If  this  definition  be  adopted,  we  must  add  to  those  just  mentioned  the  follow- 
ing, the  essential  constituents  of  which  are  not  at  all,  or  only  indirectly,  derived 
from  the  blood  : — 1.  The  faeces,  i.e.  the  indigestible  parts  of  food  mixed  with 
those  constituents  of  the  alimentary  secretions  which  are  not  reabsorbed  by  the 
blood  vessels.  2.  Epithelial  exuviations  {i.e.  the  cast-off  portions  of  epidermis, 
hair  and  naila).    3.  Ova  and  semen. 

2.  Those  liquids  derived  from  the  blood  which  bathe  the  tissues 
of  the  body, — parenchymatous  juices,  muscle  juice,  the  fluid 
moistening  connective-tissues,  &c. 

Inasmuch  as  the  solid  portions  of  the  tissues  (cells,  fibres,  &c.)  derive  the 
material  of  which  they  are  composed  from  the  various  parenchymatous  juices, 


'  Gaseous  secretions  are  treated  of  in  Chapter  IV. 
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and  therefore  immediately  from  tie  blood,  every  constituent  of  the  body  may 
be  looked  upon  as  a  secretion.  This  process  is,  however,  so  imperfectly  under- 
stood that  we  cannot  pause  to  discuss  it  now.  For  the  same  reason  we  can 
here  only  refer,  in  general,  to  the  secretion  of  the  parenchymatous  juices. 


I.  SECEETION  IN  GENERAL. 

Physical  Processes. 

All  fluids  separated  from  the  blood  must  pass  through  the  walls 
of  closed  capillary  vessels.  It  would  seem  that  the  only  instance, 
during  health,  of  a  fluid  passing  throug-h  ruptured  vessels  is  the 
menstrual  flux  :  and  even  this  may  turn  out  to  be  a  case  of  dia- 
pedesis.    (Seep.  119.) 

The  physical  forces  which  bring  about  the  passage  of  fluids 
through  membranes  are  filtration  and  diffusion. 

By  filtration  we  understand  the  passage  of  a  liquid  under  the  influence  of 
pressure  through  the  pores  (not  the  physical,  intermolecular  spaces,  but  the 
coarser,  mechanical  interstices)  of  a  body  such  as  a  membrane.  Just  as  in  the 
ordinary  process  of  filtering  the  weight  of  the  substance  to  be  filtered  forces  the 
liquid  through  the  filter,  so  the  tension  of  the  blood  vessels  forces  out  some  or 
all  of  the  fluid  constituents  of  the  blood  ;  for  the  pressure  of  the  fluids  siu-round- 
ing  the  capillaries  (parenchymatous  juices)  is  generally  less  than  the  pressure  of 
the  blood  in  the  vessels. 

The  amount  of  the  filtered  fluid  increases  with  the  difierence  between  these 
two  pressm'es.  This  difierence  is  made  more  marked,  1,  by  relieving  the 
tension  in  the  neighbourhood  of  the  capillaries,  as  in  the  withdi-awal  of  the 
parenchymatous  fluids  or  the  reduction  of  the  atmospheric  pressure  by  cupping, 
&c. ;  2,  by  increasing  the  tension  of  the  capillary  walls,  which  may  be  brought 
about  (as  was  mentioned  previously)  :  a,  by  increasing  the  blood-pressure  all 
over  the  body  :  b,  by  widening  the  arteries  conducting  blood  to  the  part,  e.g.  by 
relaxing  the  normal  contraction  of  their  circular  muscles  by  the  application  of 
heat,  or  by  cutting  ofi"  the  influence  of  vaso-motor  nerves.  The  converse 
operations,  viz.  diminution  of  blood-pressure,  application  of  cold,  and  abnormal 
irritation  of  vaso-motor  nerves  will  diminish  the  amount  of  the  filtered  fluid. 
This  partly  explains  the  infiuence  of  the  nervous  system  upon  secretion  (see 
below) .  Filtrntion  is  affected  also  by  the  nature  of  the  filtering  fluid.  True 
solutions  pass  through  the  medium  unchanged.  Viscid  fluids,  such  as  solutions 
of  albumin,  starch,  and  gum,  filter  less  perfectly,  a  portion  only  of  their  con- 
tained substances,  in  amount  varying  with  the  pressure,  being  able  to  percolate. 
If  indeed  the  pressure  is  very  shght,  the  whole  is  retained  on  the  filter.  Under 
slight  pressure,  therefore,  the  blood  loses  by  filtration  water,  salts,  sugar*,  &c., 
which  form  true  solutions ;  while  under  a  greater  pressiu-e  it  is  deprived  of  more 
or  less  of  its  albumin,  fibrinogen,  &c. 

Diffiision  (or  osmose)  is  the  intermixing  of  fluids  through  a  membrane, 
independently  of  any  difference  of  pressure  on  the  two  sides,  often  even  in 
opposition  to  hydrostatic  pressure.  For  this  purpose  it  is  not  necessary  that 
the  membrane  should  be  porous,  the  essential  molecular  insterspaces  of  a 
homogeneous  membrane  being  all  that  are  required.  (The  most  homogeneous 
membranes  known  are  the  so-called  '  precipitation-membranes '  which  are 
formed  at  the  surface  of  contact  when  one  of  two  solutions  capable  of  producing 
a  precipitate  is  allowed  cautiously  to  flow  over  the_  other,  M.  Traube.)  In 
diffusion  two  liquids  are  required,  while  in  filtration  it  is  only  necessary  to  have 
a  liquid  on  one  side  of  the  membrane,  the  other  being  presented  to  the  air  or  to 
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a  vacuous  space.    Diffusion,  moreover,  can  only  take  place  between  liquids  of 
ditierent  kinds,  while  filtration  may  occur  between  those  of  the  same  kind, 
provided  that  each  is  subjected  to  a  different  pressure.    The  essential  condition 
of  diffusion  is  that  the  membrane  should  be  saturated  simultaneously  by  both 
liquids ;  the  object  of  the  process  is  the  complete  chemical  equalisation  of  the 
fluids  on  the  opposite  sides  of  the  membrane.    According  to  the  latest  re- 
searches the  passage  of  a  substance  through  a  membrane  (endosmose)  takes 
place,  if  there  is  on  the  other  side  of  the  membrane  a  liquid  capable  of  dissolving 
the  substance  and  having  an  afHnity  for  it ;  and  if  the  molecules  of  the  body 
are  somewhat  less  than  the  molecular  interstices  of  the  membrane.  Endosmose 
takes  place  more  quickly,  the  greater  this  affinity  ('  Endosmotic  force  ')  the 
smaller  the  molecules  of  the  substance,  and  the  larger  the  interstices  (M. 
Ti-aube).    Endosmotic  force  is  very  great  in  the  case  of  strongly  hygTOscopic 
substances.    Certain  complex  bodies  of  great  molecular  weight  (p.  49  et  seq.) 
are  incapable  of  diffusing  through  most  membranes  on  account  of  the  large  size 
of  their  molecules.    Such  substances  are  albumin,  haemoglobin,  gum,  &c., 
which  have  been  denominated  '  colloids  '  by  Graham,  on  account  of  their  non- 
existence in  a  crystallized  form,  in  contradistinction  to  '  crystalloids,'  or  sub- 
stances which  admit  of  erystallization.    Solutions  of  colloids  are  somewhat 
viscous,  not  altogether  fluid,  and  when  concentrated  by  evaporation  they  do  not 
suddenly  assume  the  solid  condition  by  the  separation  of  crystals,  but  they 
gradually,  and  as  a  whole,  assume  that  condition.    Other  wi'iters  (Vierordt, 
Jolly)  consider  the  essential  element  in  the  process  of  diffusion  to  be  the  inter- 
change between  a  portion  of  ths  diffusing  substance,  and  an  amount  of  the 
solvent  liquid  on  the  other  side  of  the  membrane :  and  the  quantity  of  the 
solvent  liquid  which  passes  through  for  every  unit  of  weight  of  the  substance 
they  call  its  '  endosmotic  equivalent.' 

As  the  blood  is  everywhere  surrounded  by  fluids  of  a  different 
chemical  composition,  and  under  a  lower  pressure  than  itself,  it  is 
plain  that  in  nearly  all  cases  of  secretion  both  filtration  and 
diffusion  must  play  a  part. 

The  purely  physical  processes  of  filtration  and  diffusion  can 
only  yield  fluids  containing  the  constituents  of  liquor  sanguinis  in 
various  proportions.  It  has  not  been  ascertained  with  certainty 
whether  such  simple  separations  occur.  The  nearest  approach  to 
them  are  the  so-called  transudation  fluids,  viz.  the  fluids  found 
normally  in  the  various  cavities  of  the  body  {e.g.  in  the  pericardial, 
peritoneal,  and  pleural  sacs,  in  the  cerebral  ventricles,  &c.)  ;  and 
the  pathological  fluids  of  dropsical  cavities  and  oedematous  tissues. 
Their  principal  constituents  are  water,  salts,  sugar,  urea,  varying 
amounts  of  albumin,  fibrinogen,  and  sometimes  also  fibrinoplastin. 
The  presence  of  fibrinogen  may  be  demonstrated  by  the  setting-in 
of  coagulation  on  the  addition  of  fibrinoplastin  and  the  fibrin- 
ferment  {e.g.  in  the  form  of  a  well-squeezed  blood-clot).  If  the 
transudation-fluid  contains  at  the  same  time  fibrinoplastin,  coagu- 
lation occurs  spontaneously  on  withdrawal  from  the  body ;  but,  as  a 
rule,  only  slowly,  on  account  of  the  fibrinoplastin  being  present  in 
such  small  quantities. 

It  has  lately  appeared  very  pobable  that  the  fluids  found  in  the  various 
cavities  above  mentioned  should,  in  part  at  least,  be  regarded  as  lymph  (Chapter 
III.) ;  for  not  only  have  lymph  corpuscles  been  seen  floating  in  them,  but 
direct  communications  have  been  traced  between  the  cavities  containing  them 
and  the  lymphatic  vessels  (von  Recklinghausen). 
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Chemical  Processes. 

Most  secretions  contain,  in  addition  to  the  substances  which 
are  common  to  them  and  the  blood,  certain  specific  constituents, 
for  the  production  of  which  the  above-mentioned  physical  processes 
cannot  alone  account.  It  is  necessary,  therefore,  to  assume  that 
certain  chemical  changes  take  place  in  the  transuded  fluids,  the 
seat  of  which,  or  at  least  the  impulse  to  which,  must  most  probably 
be  sought  for  in  the  cells  with  which  the  various  secretions  come 
into  contact.  Such  cells  are,  in  the  case  of  parenchymatous  juices, 
the  cells  or  corpuscles  of  the  tissues  in  which  they  arise ;  in  the 
case  of  free  secretions,  the  gland-cells. 

The  only  difference,  therefore,  between  parenchymatous  and  free 
secretions  appears  to  be  that  the  former  remain  enclosed  in  a  fine 
cellular  network,  while  the  latter  pass  through  a  thin  layer  of  cells 
(in  the  glands)  and  so  quit  their  place  of  origin. 

As  the  specific  constituents  of  the  various  secretions  belong,  for 
the  most  part,  to  a  class  of  bodies  whose  nature  and  origin  are 
unknown,  nothing  can  with  certainty  be  said  about  the  nature  of 
the  chemical  processes  supposed  to  take  place  in  the  cells  of  the 
various  tissues  and  glands.  Certain  of  these  specific  substances 
are,  however,  imdoubtedly  the  result  of  the  oxidation  of  some  of 
the  constituents  of  blood  :  and,  as  secretion  is  accompanied  by  a 
manifestation  of  energy,  viz.,  as  Ludwig  has  directly  proved  in  the 
case  of  the  salivary  glands,  by  an  evolution  of  heat,  it  is  probable 
that  all  the  chemical  processes  of  secretion  are  merely  processes  of 
oxidation.  This  is  fui'ther  supported  by  the  facts  that,  dming  the 
production  of  a  secretion  rich  in  its  characteristic  elements,  more 
of  the  oxygen  conveyed  through  the  arteries  to  the  gland  is  used 
up,  as  is  indicated  by  the  darker  colour  of  the  venous  blood ;  and 
that  secretion  becomes  impossible  as  soon  as  the  supply  of  arterial 
blood  is  prevented,  notwithstanding  that  the  other  necessary  con- 
ditions are  fulfilled.    (Consult  the  section  on  Saliva.) 

The  formation  of  specific  constituents  appears  in  the  case  of  many  glands  to 
he  a  process  consisting  of  two  stages.  The  first  stage  of  the  process  consists  in 
the  continual  synthetical  formation  of  a  mother  substance — '  zymogen ;'  the 
second  in  a  decomposition  of  this  zymogen,  which  takes  place  at  the  time  of 
secretion,  and  which  results  in  the  liberation  of  the  active  ferment.  This 
process,  which  had  already,  from  analogy  with  the  process  going  on  in  muscle, 
beeu  assumed  to  occur  (Hermann),  has  lately  been  proved  in  the  case  of  the 
pancreas  (Heidenhain).^ 


J  Heidenhain,  Beiirage  zur  Kenntniss  des  Pancreas.  Pfliiger's  Arcliiv.,  Bd.  X.  (1875). 

[It  is  only  fair  to  mention  that  Mr.  A.  Liversedge  published  in  1874  (Journal  of  Anat. 
and  Phys.,  p.  23)  the  results  of  a  research  '  On  the  Amylolytic  Ferment  of  the  Pancreas ' 
(from  tiie  Physiological  Laboratory  in  the  University  of  Cambridge),  which  led  him  to 
the  conclusion  that  after  the  ready-formed  ferment  has  been  removed  from  a  pancreas  a  re- 
generation of  the  ferment  takes  place,  and  which  led  him  to  surmise  the  existence  of  an 
'antecedent  of  the  ferment.'l 
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In  certain  secretions  the  specific  constituents  are  derived  from 
the  disintegration  of  cells.  This  is  known  to  be  the  case  with  milk 
and  the  mucous,  salivary,  and  sebaceous  secretions  ;  and  it  is  pro- 
bably also  the  case  with  others. 

Organs  of  Secretion. 

Free  secretions  are  generated  in  special  organs.  The  simplest 
form  of  secreting  organ  is  a  membrane  provided  with  blood- 
capillaries  on  the  one  side  and  a  layer  of  epithelium  cells  on  the 
other ;  it  has,  moreover,  nerves,  the  terminations  of  which  are 
probably  in  direct  connection  with  secreting  cells.  Such  a  form 
of  glandular  apparatus  is  that  which  serves  for  the  secretion  of 
the  fluids  filling  the  serous  and  synovial  sacs,  bursas  and  sheaths. 
Most  secretions,  however,  require  a  larger  sm-face  than  a  simple 
smooth  membrane  can  afi"ord.  To  supply  this  the  membrane 
presents  a  single  or  branched,  tubular  or  sacculate  involution  of  its 
surface,  upon  which  the  secretion  is  poured  out  (mucous  mem- 
brane, skin).  Every  layer  of  the  originally  smooth  membrane 
follows  the  course  of  the  sacculations ;  an  examination  of  any  part, 
therefore,  would  show,  externally,  a  supporting  stroma  of  con- 
nective tissue  containing  blood  vessels,  and  often  also  muscular 
fibres ;  and  internally  an  epithelium,  the  cells  of  which  often 
become  modified  in  form  at  the  bottom  of  an  involution,  passing 
there  into  special  secreting  cells.  Such  an  involuted  secreting 
surface  is  called  a  gland.  All  transudations  through  the  sides  of 
the  blood  vessels  must,  therefore,  pass  through  the  layer  of  cells 
before  occupying  the  hollow  of  the  gland  as  a  secretion,  or  reaching 
the  surface,  the  sacculation  of  which  forms  the  gland.  There  is 
another  way  in  which  the  secreting  sm'face  may  be  increased,  viz., 
by  processes  (villi),  or  projections  such  as  are  seen  in  synovial 
membranes. 

If  the  involutions  of  tte  glandular  sui'face  are  tranclied,  the  gland  is  said  to 
he  '  compound ; '  if  they,  or  their  branches,  are  like  tubes  or  cylinders,  the 
gland  is  called  '  tubular '  (sweat  glands  and  gastric  follicles,  kidneys,  testicles, 
&c.)  ;  if  like  sacs,  'racemose'  (mucous,  sebaceous,  and  salivary  glands,  &c.) 
In  the  case  of  compound  glands,  the  tubular  structure  which  leads  into  the 
gland,  and  into  which  the  gland-products  are  emptied,  is  called  the  '  excretory 
duct.'  This  is  frequently  provided  with  an  enlargement  which  serves  as  a 
reservoir  (urinary  bladder,  vesiculae  seminales) ;  or  it  may  be  connected  with 
such  a  reservoir  by  means  of  another  duct  (gall-bladder).  The  so-called 
'ductless'  glands  (spleen,  lymphatic  glands,  follicles,  suprarenal  capsules, 
thymus,  thyroid)  are  really  not  glands ;  they  will  be  discussed  in  Chapters  IV. 
and  VI. 

Influence  of  Nerves  on  Secretion. 

In  every  act  of  secretion  there  is  probably  a  nervous  influence 
at  work.  This  has  been  distinctly  proved  in  many  cases.  It  may 
assume  the  form  of  a  first  impulse  to  the  act ;  or  it  may  be  evi- 
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dencecl  by  a  quantitative  or  a  qualitative  alteration  of  the  products, 
brought  about  by  nervous  excitation. 

As  in  several  glands  {e.g.  in  the  salivary  glands,  Bernard) 
the  influence  on  secretion  is  connected  with  that  on  the  blood- 
circulation  through  the  gland,  we  might  be  inclined  to  explain  the 
former  as  dependent  upon  the  latter.  The  nervous  system  may 
influence  secretion  by  its  action  on  the  circulation,  which,  leading 
to  dilatation  or  narrowing  of  the  arteries,  may  bring  about,  1, 
changes  of  pressure  in  the  gland  capillaries,  and,  therefore,  filtra- 
tion-changes ;  2,  changes  in  the  chemical  processes  dependent  on 
the  greater  or  less  quantity  of  oxygen  brought  to  the  gland.  Inas- 
much as  nervous  influence  may  bring  about  a  secretion  which  is  in 
abeyance  (in  glands  cut  out  of  the  body,  Ludwig),  even  when  the 
circulation  is  suspended,  and  as  secretion  may  proceed  when  fil- 
tration is  impossible,  we  must  conclude  that  the  influence  of  the 
nervous  system  upon  secretion  cannot  be  explained  by  its  mere 
action  upon  the  circulation.  (By  preventing  the  escape  of  a 
secretion  the  pressure  in  the  excretory  duct  of  a  gland  may,  under 
nerve-stimulation,  be  raised  above  that  in  the  arterial  branches 
supplying  the  gland,  and  yet  secretion  proceed,  Ludwig.* )  Eecently 
anatomical  changes  have  been  discovered  to  occur  in  the  glandular 
substance  under  the  influence  of  nerve  irritation  (Heidenhain ; 
see  Saliva).  It  must  be  assumed,  therefore,  that,  beside  the  vaso- 
motor, there  are  other  specific  '  secretory '  nerve  fibres,  which  have 
a  direct,  but  as  yet  unintelligible,  influence  on  the  processes  of 
secretion. 

The  influence  of  the  Taso-motor  nerves,  apart  from  that  of  the  proper  secre- 
tory fibres,  is  conclusively  proved  (Bernard)  by  the  coincidence  of  secretion- 
and  circulation-changes,  which  has  already  been  pointed  out.  From  the  nature 
of  the  case  their  influence  is  principally  upon  the  process  of  transudation ;  and 
they,  therefore,  affect  the  quantity  and  state  of  concentration  of  the  secretion. 
The  influence  of  the  nervous  system  upon  the  chemical  processes  of  glands,  due 
to  its  power  of  modifying  the  supply  of  oxygenated  blood  to  them,  is  uncertain, 
althouo-h  we  Imow  that  a  supply  of  such  blood  is  necessary  for  continuous  secre- 
tion. ''(A  gland  cut  out  from  the  body,  when  its  nerves  are  stimulated,  yields 
its  secretion  only  at  fii-st,  even  though  by  the  production  of  artificial  oedema  a 
rich  supply  of  fluid  has  been  stored  up  within.) 

An  attempt  has  in  recent  times  been  made  to  prove  anatomically  the  exist- 
ence of  secretory  nerves.  The  statement  upon  which  this  attempt  is  foimded, 
that  a  direct  communication  exists  between  nerve-fibres  and  secreting  cells 
(Pfliiger     has,  however,  been  often  contradicted. 


1  Zeitschnft  f.  rat.  Med.  N.  F.    Bd.  1,  p.  2h5  ;  Lehrbuch,  vol.  ii.  p.  214. 

2  Pfliiger,  Die  Endignngen  d.  Ahsond.  Nerv.  in  d.  Speicheldr.  Bonn  1866.  See  also 
C.  Kupffer,  Die  Speicheldriisen  von  Periplanctn  Blatta  orientalis  und  ihr  Nervenapparat. 
Ludwig's  Festgabc,  1875,  p.  Ixiv. 
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II.  INDIVIDUAL  SECEETIONS. 
A.   Parenchymatous  Tissues  and  their  Secretions. 

The  methods  hitherto  used  of  obtaining  the  fluid  secreted  by 
parenchymatous  tissues  have  failed  to  yield  it  pure  enough,  or  in 
sufficient  quantities,  for  the  purposes  of  examination.  They  consist 
either  in  expressing  the  juices  from  tissues  which  have  been  de- 
prived, as  far  as  possible,  of  their  blood,  or  in  extracting  the  con- 
stituents of  those  juices  one  by  one  by  means  of  various  solvents 
(ether,  alcohol,  water,  acids).  Our  knowledge  of  the  composition 
and  formation  of  the  parenchymatous  secretions  is,  therefore,  ex- 
tremely scanty.  It  is  often  even  doubtful  whether  the  substances 
thus  obtained  from  a  tissue  should  be  referred  to  its  fluid  or  its 
structural  elements.  We  can  only  suppose  in  reference  to  their 
origin  that  their  peculiar  constituents  (gelatin,  fat,  coloming  mat- 
ters, &c.)  are  formed  from  the  fluids  which  transude  from  the 
blood  vessels  by  the  influence  of  the  cells  of  the  tissues,  and  pro- 
bably under  the  control  of  special  (trophic)  nerves  (Chapter  IX.) 
It  is  further  assumed  that  the  transuded  fluids  are  yielded  in  ex- 
cess, which  excess  is  returned  to  the  blood  by  the  lymphatics  which 
absorb  it  (Chapter  III.)  The  speciflc  substances  which  are  formed 
are  in  part  insoluble,  and  become  the  structural  elements  of  the 
tissues.  Hence  it  follows  that  a  purely  chemical  consideration  of 
the  fluid  and  formed  constituents  of  parenchymatous  tissue  is  not 
yet  possible,  and  that  the  whole  history  of  the  development  of  the 
tissues  can  only  be  treated  of  from  a  morphological  point  of  view. 
It  will  only  be  necessary,  therefore,  in  this  place,  to  state  briefly, 
without  any  attempt  at  classification,  the  facts  which  have  been 
ascertained  respecting  the  chemical  composition  of  the  various 
parenchymatous  tissues. 

1.  Osseous  Tissue. — Pure  osseous  tissue  (after  the  removal  of 
the  periosteum,  marrow,  &c.)  contains  a  great  excess  of  inorganic 
salts.  Perfectly  dried  bones  (bones  contain  about  2  per  cent,  of 
water)  exhibit  a  very  constant  composition,  which  is  different  for 
different  kinds  of  animals.  In  man  there  are  68  parts  per  cent,  of 
salts,  and  32  per  cent,  of  organic  matter  (Zalesky).  The  salts  are 
84  per  cent,  of  tribasic  calcium  phosphate  (Ca32(P04)),  1  per  cent, 
of  tribasic  magnesium  phosphate  (Mg32(P04)),  7-6  per  cent,  of 
other  salts  of  calcium  (CaCOg,  CaClg,  CaFlj),  and  7*4  per  cent,  of 
alkaline  salts  (NaCl,  &c.) 

The  organic  portion  consists  almost  entirely  of  a  gelatigenous 
substance,  which  yields  gelatin  on  boiling,  especially  after  the 
addition  of  acids. 
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The  osseous  tissue  of  compact  pvud  spongy  bones  presents  the  same  compo- 
sition. This  constancy  of  composition  has  led  tb  the  assumption  that  the 
organic  portion  is  not  merely  mechanically  impregnated  by  the  mineral,  but 
that  the  two  are  chemically  combined  (Milne-Ed wai'ds,  iun.,  Zaleslcy). 

Dilute  acids  deprive  bone  of  its  salts,  and  leave  behind  the  animal  portion, 
■which  is  soft  and  resembles  cartilage.  Subjection  to  heat,  on  the  contrary, 
destroys  the  animal  matter,  leaving  a  white,  porous,  inorganic  mass  (calcined 
bone).    In  both  cases  the  bone  retains  its  original  external  shape. 

Connected  with  bone  are  the  other  calcareous  tissues,  e.g.  teeth.  Enamel, 
which  contains  very  little  water,  possesses  only  4  per  cent,  of  organic  matter, 
and  is  analogous  to  bone  in  its  composition. 

Nothing-  is  known  about  the  formation  and  regeneration  of 
bone-tissue,  except  the  morphological  appearances  presented  in  the 
various  stages. 

2.  Cartilaginous  Tissue. — Besides  water  and  the  constituents 
of  the  corpuscles,  cartilage  contains  chiefly  chondrogenous  sub- 
stance, elastin,  and  small  quantities  of  inorganic  salts. 

Nearest  to  cartilage  stands  the  tissue  of  the  cornea,  which  on  boiling  yields 
a  body  resembling  chondrin :  it  contains,  in  addition,  much  fibrino-plastic  sub- 
stance. 

3.  Connective  Tissue.  —  In  connective  tissue  the  following 
elements  have  been  recognised  (Kiihne): — (1.)  The  substance  of 
the  fibrillse,  a  gelatigenous  substance.  (2.)  An  interfibrillar  cement- 
ing substance,  which  can  be  extracted  by  lime-water  or  baryta- 
water  (Eollett),  the  extract  containing  mucin.  (3.)  Elastin.  (4.) 
Corpuscles,  composed  mainly  of  albuminous  elements,  and  fre- 
quently containing  fat.  In  foetal  and  some  other  tissues  the  gela- 
tigenous substance  is  replaced  by  a  mucin-yielding  substance. 

4.  Muscular  Tissue. — See  Chapter  VIII. 

5.  Nervous  Tissue. — See  Chapter  IX. 


B.  Fluids  of  Cavities. 

These  fluids  are  not  secreted  by  glands,  but  by  the  epitheliated 
membrane  ('  serous  membranes,'  &c.)  lining  the  cavities  where  they 
are  formed.  From  their  composition  they  are  regarded  as  simple 
transudations,  the  essential  constituents  of  which  have  already  been 
enumerated  (p.  121).  Their  quantitative  relations  ai-e  extremely 
various,  and  cannot  be  referred  to  here.  The  following  fluids  may 
be  regarded  as  simple  transudations : — the  cerebro-spinal  fluid,  the 
aqueous  humour,  and  perhaps  also  the  amniotic  and  allantoic  fluids. 
The  pericardial,  pleural,  and  peritoneal  fluids  were  formerly  placed 
in  the  same  category;  but  since  they  communicate  directly 
through  apertures  with  the  lymphatic  vessels  (von  Eecklinghausen,^ 

>  V.  Recklinghausen,  Die  Lymphgefdsse,  1862. 
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Oedmansson,'  Liidwig  and  Dybkowsky  ^\  they  must  be  considered 
as  lymph  (Chapter  III.) 

The  following  fluids  of  cavities  have  special  constituents : 

1.  Synovia  contains,  in  addition  to  the  products  of  transuda- 
tion, mucin  (0-2  to  0-6  per  cent.)  and  fat  (0*06  to  0'08  per  cent.) 
Numerous  exuviated  epithelial  cells  are  also  present. 

2.  The  fluids  of  bm-sse  mucosa  and  synovial  slieaths  contain  a 
gelatinous  material  which  has  not  yet  been  investigated. 

The  way  in  which  the  secretions  of  this  class  are  used  up  and 
replaced  is  not  understood. 


C.  Glandular  Secretions. 
1.  Alimentaet  Secretions. 
1.  Mucus. 

The  mucus  of  the  alimentary  canal  is  secreted  by  glands  which 
are  Kned  by  an  epithelium  resembling  that  of  the  region  in  which 
they  are  situated.  In  the  mouth,  pharynx,  and  oesophagus,  the 
glands  are  small  and  racemose,  and  contain  scaly  epithelium ;  in 
the  stomach  (especially  in  the  neighbourhood  of  the  pylorus)  and 
in  the  intestine  they  are  simple,  or  slightly  compound  and  tubular, 
and  the  epithelium  is  cylindrical.  Mucus  is  a  clear,  slimy,  ropy, 
alkahne  fluid,  consisting  essentially  of  a  solution  of  mucin,  and  also 
sometimes  of  albumin,  in  which  the  normal  salts  of  the  blood, 
especially  NaCl,  are  dissolved.  The  mucus  of  the  intestine  con- 
tains, in  addition,  certain  ferments  which  confer  upon  it  special 
properties,  and  is,  therefore,  considered  separately  under  the  name 
of  intestinal  juice  (see  below).  As  a  rule,  mucus  contains  morpho- 
logical elements  in  the  form  of  (1)  small,  round,  nucleated  cells, 
resembling  the  colourless  blood-corpuscles — the  so-called  mucous 
corpuscles — which  are  considered  to  be  the  young  cells  of  the 
mucous  glands ;  (2)  fragmentary  or  entire  cells  of  scaly  epithelium 
from  the  mucous  membrane,  frequently  adhering  together  by  their 
edges  as  in  their  natural  condition.  The  slimy  nature  of  mucus 
fits  it  admirably  for  the  purpose  of  lessening  the  friction  between 
the  walls  of  the  alimentary  canal  and  their  contents. 

Pure  mucus  may  be  obtained  from  tbe  mouths  of  animals  after  ligaturing 
the  ducts  of  all  the  salivary  glands.  It  may  be  inferred  from  the  morphological 
elements  of  mucus  that  mucin  arises  only  through  the  disintegration  of  gland- 
cells  (compare  the  salivary,  sebaceous,  and  milky  secretions).  The  influence 
which  nerves  exert  upon  the  secretion  is  yet  unknown. 

'  Oedmansson,  Virchoto's  Archiv.,  vol.  xxviii.  p.  361. 

'  Ludwig  and  Dybkowsky,  Arbeiten  aus  der  Phys.  Anstalt  in  Leipzig,  186G. 
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As  mucin  does  not  appear  to  be  capable  of  reabsorption,  it  most 
likely  all  passes  out  of  the  body  in  the  faeces,  while  some  of  the 
remaining  constituents  of  mucus  probably  find  their  way  back  into 
the  blood. 

2.  Saliva. 

The  three  different  kinds  of  saliva  from  the  parotid,  submaxil- 
lary, and  sublingual  glands  are  very  watery,  colourless  alkaline 
secretions  of  low  specific  gravity  (1-004-1 -009).  Besides  the  usual 
products  of  transudation  (among  which  are  found  very  small  quan- 
tities of  albuminous  bodies,  albumin  and  globulin),  they  contain, 
as  specific  constituents,  (a)  mucin,  of  which  the  sublingual  saliva 
possesses  the  most,  the  submaxillary  less,  and  the  parotid  least; 
(6)  a  hydrolytic  ferment,  ptyalin,  which  converts  starch  into 
dextrin  and  sugar,  this  conversion  taking  place  rapidly  if  the 
starch  is  in  the  form  of  a  paste,  and  still  more  rapidly  if  it  is  sub- 
jected to  the  temperature  of  the  body;  (c)  sulphocyanides  (potas- 
sium-sulphocyanide).  Moreover,  saliva,  and  especially,  as  it  would 
seem,  sublingual  saliva  (Bonders),  contains  morphological  elements 
— salivary  bodies — resembling  closely  mucous  corpuscles  ;  these 
'salivary  cells'  enclose  granules  which  exhibit  active  molecular 
movements.  Mixed  saliva  contains  also  mucus  and  exuviated 
squamous  epithelial  cells  from  the  cavity  of  the  mouth. 

In  order  to  obtain  the  various  kinds  of  saliva  separately,  use  is  made,  in 
man,  of  pathological  salivaiy  fistiilse ;  except  in  the  case  of  the  parotid  gland, 
where  the  saliva  may  be  collected  through  a  fine  tube  introduced  into  Steno's 
duct,  which  opens  in  the  side  of  the  cheek  opposite  the  second  or  third  upper 
molar  tooth.  In  the  lower  animals  artificial  fistulas  maybe  established.  Ptyalin 
may  be  thrown  down  mechanically  by  causing  a  precipitation  of  calcimn  phos- 
phate in  saliva ;  it  may  then  be  extracted  from  the  precipitate  by  water,  and 
re-precipitated  from  the  water^^  solution  by  alcohol.  It  is  not  an  albiuninous 
body  (Oohnheim  The  power  of  converting  starch  into  sugar  belongs  to  each 
of  the  three  kinds  of  human  saliva ;  but  it  is  best  shown  in  mixed  saliva  formed 
in  the  cavity  of  the  mouth  by  the  admixtm-e  of  saliva  from  all  the  glands  with 
mucus.  In  the  lower  animals,  however,  the  three  kinds  do  not  all  possess  this 
power;  for,  in  general,  the  three  Itinds  of  saliva  are  secreted  in  individual 
animals  in  proportions  regulated  by  the  food  they  usually  take.  The  conversion 
into  sugar  takes  place  very  rapidly,  and  is  not  prevented  by  the  presence  of  a 
moderate  amount  of  acid — a  circimistance  which  is  of  importance  in  digestion. 
A  given  quantity  of  saliva  cannot  convert  an  indefinite  quantity  of  starch  into 
sugar  (Paschutin).  Potassium  sulpho-cyanide,  ON.KS,  the  presence  of  -which 
may  be  demonstrated  by  the  blood-red  colouration  which  occurs  on  the  addition 
of  ferric-chloride,  is  not  a  constant  constituent  of  saliva,  and  is  found  most  fi"e- 
quently  in  mixed  saliva  from  the  mouth,  especially  if  the  teeth  are  decaying. 

As  an  example  of  the  quantitative  composition  of  saliva,  the  following 
analysis  of  human  mixed  sahva  may  serve  (Bidder  and  Schmidt).  In  1,000 
parts — water  995-16,  solid  constituents  4-84,  containing  epithelium  1-C2,  soluble 
organic  matters  1-34,  inorganic  matters  1-82,  almost  one  half  of  the  last  being 
alkaline  chlorides.   


1  Colinheira,  Virchoio's  Archiv,  vol.  xxxviii.  p.  241. 
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Secretion. 

The  secretion  of  saliva  is,  as  may  be  demonstrated,  under  the 
control  of  the  nervous  system,  the  influence  of  which  has  been 
more  fully  investigated  in  this  case  than  in  that  of  any  other 
secretion  in  the  body.  Without  the  operation  of  this  influence 
secretion  is  completely  inactive  (C.  Gr.  Mitscherlich,  Ludwigi). 
Dm-ing-  life,  the  excitation  of  secretory  nerves  would  seem  to  take 
place  always  in  one  of  two  ways :  either,  in  a  reflex  manner,  on 
irritation  (1)  of  the  sensory  and  gustatory  nerves  of  the  mouth, 
(2)  of  the  vagus,  probably  of  those  fibres  proceeding  from  the 
digestive  apparatus  (Oehl,^  though  this  is  doubted  by  von  Wittich,^ 
Nawrocki  ;  or  on  (voluntary)  stimulation  of  the  nerves  to  the 
masticatory  muscles.  Saliva  is  therefore  secreted  {a)  on  irritation 
of  the  cavity  of  the  mouth  by  sapid  substances  or  mechanical, 
chemical,  thermal,  or  electrical  stimuli,  (&)  in  certain  conditions  of 
the  stomach  (nausea),  and  (c)  during  the  movements  of  mastica- 
tion. The  centripetal  fibres,  which,  on  irritation,  lead  reflexly  to 
secretion,  run  in  the  com-se  of  the  fifth,  the  glosso-pharyngeal,  and 
the  vagus.  The  secretory  fibres  run  in  the  com'se  of  the  facial, 
the  fifth,  and  the  sympathetic. 

Ii'ritation  of  sensoiy  nerves  far  remoyed  from  the  glands,  e.g.  of  the  central 
end  of  the  ischiatic  nerve  may  also  cause,  by  reflection,  the  secretion  of  saliva 
(Owsjannikow  and  Tschiriew).* 

Among  the  secretory  nerves  we  must  distinguish  two  species 
(Bernard^,  Eckhard^,  von  Wittich  ^)  which,  on  initation,  produce 
differences,  not  only  in  the  character  of  the  secretion,  but  also  in 
the  vaso-motor  phenomena :  nevertheless,  as  was  previously  pointed 
out,  we  are  not  entitled  to  explain  the  former  as  dependent  upon 
the  latter.  Irritation  of  fibres  of  the  first  kind  induces  narrowing 
of  the  arteries  supplying  the  gland,  the  blood  reaching  the  veins  in 
small  quantities  and  very  dark  in  colom- ;  at  the  same  time  it  yields 
small  amounts  of  an  extremely  tough  and  often  gelatinous  saliva, 
very  rich  in  its  specific  constituents,  and  especially  in  mucus.  The 
second  species  of  nerve-fibres  appears  to  cause  widening  of  the  ves- 
sels proceeding  to  the  gland,  for,  when  irritated,  the  blood  flows  in 
such  quantity  into  the  veins  that  they  pulsate,  and  it  is  of  a  colour 

'  C.  G.  Mitscherlich,  Po(/gendnrff's  Annalen,  vol.  xxvii.  p.  320  ;  Ludwig,  Lehrbucli  der 
Fhijsinlogie,  vol.  ii.  p.  338  ;  Zeitschnfl  f.  rat.  Med.,  vol.  i.  (1851),  p.  255. 

'  Oeiil,  La  Saliva  umana.  Paviii,  1864.    Comptes  liendus,  1864,  vol.  lix.  p.  336. 

3  V.  Wittich,  Virchmvs  Archiv,  vol.  xxxvii.  p.  93;  vol.  xxxix.  p.  184. 

4  Nawrocki,  Stud.  d.  phys.  Inslit.  zii  Breskiii.    Heft  4  (18G8). 

*  Owsjannikow  and  Tscliiriew,  Bull,  de  V  Acad.  Imp.  de.s  Sciences  de  St.-Petershoiirq, 
May  18, 1872  ;  also,  on  the  same  subject,  Grlitzner  and  Chtapowski,  FJlUger's  Archiv,  vii. 
p.  522. 

6  Bernard,  Cnmptes  liendug,  1858,  vol.  xlvii.  pp.  245  and  393;  vol.  Iv.  p.  341. 

7  Eckhard,  Beitrage  z.  Anat.  u.  Phys.,\o\.  i.  p.  81;  vol.  ii.  p.  205;  vol.  iii.  p.  41. 
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almost  as  bright-red  as  that  in  the  arteries;  the  saliva  secreted 
under  these  circumstances  is  copious,  and,  as  it  contains  but  small 
quantities  of  specific  constituents,  very  fluid.  The  fibres  of  the 
first  kind  run,  to  all  the  glands,  in  nerves  of  the  sympathetic  system. 
Those  of  the  second  kind  arise  in  the  facial  and  afterwards  pass 
into  the  course  of  the  trigeminus ;  viz.  in  the  case  of  the  parotid 
gland,  tln-ough  the  nervous  petrosus  superficialis  minor  (of  the 
facial),  to  the  otic  ganglion,  and  thence  to  the  auriculo-temporal 
branch  of  the  fifth  (Bernard,  Nawrocki ' ) ;  and,  in  the  case 
of  the  submaxillary  and  sublingual  glands,  through  the  chorda 
tympani  (of  the  facial)  to  the  lingual  branch  of  the  fifth,  whence, 
after  a  brief  com-se,  they  pass,  some  directly,  others  through  the 
submaxillary  ganglion,  to  the  gland  (Bernard). 

Even  if  it  be  assumed  that  the  copious  tiigeminal-saliva  secreted  under 
great  pressure  deprives  the  gland  of  the  same  quantity  of  specific  constituents 
in  a  unit  of  time  as  the  scantier  sympathetic  saliva  (Bernard),  the  vaso-motor 
effect  would  yet  be  insufficient  to  explain  secretion ;  for  the  pressure  in  the 
glandular  duct  may  rise  higher  than  in  the  blood  vessels,  and  secretion  may 
be  brought  about,  under  nerve-stimulation,  after  the  cessation  of  the  blood- 
stream thi'ough  the  gland  (Ludwig,  Giannuzzi  Some  other  mechanism, 
therefore,  as  yet  unknown,  must  lie  at  the  root  of  the  process;  and  here  the 
reader  may  be  reminded  of  the  assumed  connection  (according  to  Pfliiger)  of 
nerve-fibres  with  glandular  cells.  The  following  appearances  (Heidenhain ') 
indicate  yet  more  clearly  a  specific  effect  of  secreting  nerves :  in  the  acini  of 
those  salivary  glands,  the  secretion  of  which  contain  mucin,  two  species  of  cells 
are  to  be  found :  (1)  nucleated,  wall-less,  '  protoplasm-cells,'  containing  much 
albumin,  but  no  mucus.  In  many  glands  they  lie  thickly  scattered  about ;  in 
the  submaxillary  of  the  dog  they  form  a  crescent-shaped  series  on  one  side  of 
the  acinus,  while  in  the  cat  they  occupy  the  whole  circumference.  (2)  Shining 
'  mucus-cells,'  containing  mucus  enclosed  in  a  cell-wall.  After  continued  irri- 
tation of  the  secreting  nerves,  especially  of  those  of  the  cerebro-spinal  series, 
protoplasm-cells  alone  are  found,  undergoing  rapid  multiijlication,  while  the 
remains  of  mucus  cells  are  recognisable  in  the  secretion.  It  is  evident,  there- 
fore, that  during  secretion,  a  conversion  of  protoplasm-cells  into  mucus-cells 
through  the  '  mucin-metamorphosis '  of  their  contents  has  taken  place ;  the  pro- 
toplasm-cells are  replaced  by  the  fission  of  those  left,  and  the  mucus-cells  dis- 
integrate. The  cell-contents  of  the  acini  are,  therefore,  constantly  in  course  of 
renovation,  and  a  continuously  stimulated  gland  resembles  in  appearance  that  of 
a  recently-born  animal.  Some  of  the  young  protoplasm-cells  apjrear  to  mingle 
with  the  secretion  as  salivary  corpuscles.  In  the  submaxillary  gland  of 
the  rabbit,  which  yields  a  s-3cretion  containing  no  mucus,  protoplasm-ceUs 
only  are  found.  The  buccal  mucous  glands  resemble  in  their  relations  the 
mucus-yielding  salivary  glands.  According  to  a  later  theory  (Ewald  re- 
generation of  the  glandular  contents  does  not  consist  in  destruction  of  the 
mucus-cells  and  their  reformation  out  of  protoplasm-cells,  but  simply  in  the 
liberation  of  the  mucus  contained  in  the  former,  whereby  they  again  take  on 
the  appearance  of  protoplasm-cells.  The  temperature  of  salivary  glands  may 
be  raised  1-5°  0.  during  secretion  (Ludwig  and  Spiess*). 


1  Nawrocki,  SUid.  d.  Phys.  Instit.  zu  Breslau,  18G8,  p.  125. 

2  Ludwig  and  (Jianuzzi,  Ber  d.  k.  sacks  Gesellsch.  d.  inssensch.  zu  Leipzit,,  1365. 

3  Heidenhain,  Stndien  des  Phjs.  Institut.  zu  Breslau,  Heft  4  (1868),  p.  1. 
Ewald,  Centralhlatt  f.  d.  med.  Wissen.,  1879,  p.  375. 

6  Ludwig,  Lthrbuch.  voL  ii.  p.  342. 
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As  there  exist  poisons  which  paralyse  the  secretory  fibres  of  the 
choiTla  tympani  without  interfering  with  those  which  cause  vascular 
dilatation,  e.g.  atropia  (Heidenhain'),  it  is  probable  that  the  former 
are  not  identical  with  the  latter. 

The  salivary  glands,  therefore,  probably  receive  four  different  varieties  of 
centrifugal  nerve-fibres  capable  of  influencing  the  secretion,  viz.  separate  vaso- 
motor and  separate  secretory  fibres  in  each  of  the  two  classes  of  nerves  (cerebro- 
spinal and  sympathetic)  going  to  them. 

Salivary  secretion  brought  about  by  reflex  irritation  of  nerves 
yields  constantly  a  very  fluid  (trigeminal)  saliva.  In  the  case  of 
the  submaxillary  gland  the  centre  for  this  reflex  action,  when 
stimulation  proceeds  from  the  nerves  of  taste  or  from  the  stomach, 
is  probably  in  the  brain — the  medulla  oblongata — as  irritation  of 
that  organ  produces  a  secretion  of  saliva  so  long  as  the  glandular 
nerves  are  intact  (Eckhard).  In  the  case  of  stimulations  other 
than  gustatory  applied  to  the  mucous  membrane  of  the  mouth  the 
centre  of  reflection  is  the  submaxillary  ganglion.  This  is  proved 
by  the  fact  that,  after  section  of  the  tr  uncus  tympanico-lingualis, 
stimulations  of  the  former  kind  no  longer  produce  any  efiect,  while 
those  of  the  latter  kind  operate  as  usual  (Bernard).  We  must 
suppose,  therefore,  that  the  submaxillary  ganglion  is  a  centre  pre- 
siding over  secretion,  which  may  be  stimulated  to  reflex  activity 
thi'ough  certain  fibres  running  from  the  tongue  in  the  course  of 
the  lingualis,  and  leaving  that  nerve  finally  to  reach  the  ganglion. 
On  the  contrary,  the  fibres  coming  from  the  brain,  and  conducting 
reflected  impressions  which  originated  in  the  gustatory  nerves, 
reach  the  ganglion  by  way  of  the  facial,  chorda  tympani  and 
tympanico-lingualis,  and  probably  simply  traverse  it  (Bernard). 

It  is,  moreover,  worthy  of  remark  that,  on  cutting  away  the  submaxillary 
ganglion,  with  the  exception  of  the  fibres  passing  through  it  fi-om  the  tympanico- 
lingualis,  or  on  poisoning  the  blood  flowing  through  the  gland  with  curare,  a 
continual  secretion  is  induced,  which  can  only  be  increased  by  the  stimulation 
of  sapid  8ubstances_  (Bernard).  This  '  paralytic  '  secretion  appears  also  in  the 
gland  of  the  opposite  side  (Heidenhain).  A  continuous  secretion,  moreover, 
occurs  if  the  tympanico-lingual  trunk  has  been  cut  through  for  a  long  time  ;  in 
which  case  the  sympathetic  fibres  alone  are  able  (in  the  manner  before  indicated) 
to  modify  the  secretion.  An  explanation  of  this  paralytic  secretion  has  been 
sought  partly  in  the  supposed  existence  of  inhibitory  nerves,  and  partly  (Heiden- 
hain) in  some  eSect  of  the  stagnating  secretion.  The  paralytic  secretion  soQn 
ceases,  in  consequence  of  the  degeneration  of  the  glands. 

The  amount  of  saliva  secreted  in  twenty-four  hours  has  been 
variously  estimated  at  from  ^  to  2  kilog.  The  fluid  constituents 
of  saliva,  with  the  exception  of  the  mucin,  are  probably  for  the 
most  part  reabsorbed  in  the  alimentary  canal  (Chap.  III.) 

1  Heidenhain,  PJiuger's  Ardiiv,  vol.  vi.  p.  309. 
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3.  Oastric  Juice. 

Gastric  juice  is  the  secretion  of  the  tubular  glands,  which, 
closely  packed  and  swollen  inferiorly,  crowd  the  gastric  mucous 
membrane.  Grastric  juice  is  a  thin,  clear,  colourless,  acid  fluid 
which  is  mixed  in  the  stomach  with  gastric  mucus.  Its  specific 
constituents  are :  (a)  free  hydrochloric  acid  ;  this  may,  without 
prejudice  to  the  effect  of  the  gastric  juice,  be  replaced  by  lactic 
acid,  which  is  generally  formed  in  the  stomach  during  digestion 
(Chap.  III.)  :  (6)  a  hydrolytic  ferment  pepsin  capable  of  splitting 
up  albuminous  bodies.  Pepsin  has  the  property  in  acid  solutions 
of  quickly  dissolving  coagulated  albuminous  substances  at  the  tem- 
perature of  the  body.  Solution,  preceded  by  swelling  up  of  the 
albumin,  takes  place  most  rapidly  under  that  degree  of  acidity 
which  can  produce  the  quickest  swelling  up  {e.g.  for  the  fibrin  of 
ox,  0*8  to  1  grm.  HCl  per  litre,  Briicke).  With  the  same  quan- 
tity of  acid,  however,  it  takes  place  more  quickly  the  more  pepsin 
there  is  in  the  solution,  until  a  maximum  is  reached,  beyond 
which  the  solution  cannot  be  hastened.  A  certain  quantity  of 
pepsin  has  the  power  of  dissolving  fresh  amounts  of  albumin,  if 
the  acid  used  up  be  continually  replaced.  The  changes  which 
albuminous  bodies  undergo  during  solution  are  as  yet  little  under- 
stood. At  first  they  appear  to  retain  their  original  properties. 
They  are  precipitable  by  heat  (provided  that,  before  being  sub- 
jected to  the  action  of  the  gastric  juice,  they  had  not  been  coagu- 
lated by  heat,  in  which  case  the  swelling  up  and  solution  generally 
take  a  longer  time),  a.nd  also,  for  some  time,  by  neutralization 
with  alkalies.  They  are  therefore  at  this  stage  converted  into 
syntonin.  After  a  longer  period  they  lose  the  power  of  being 
precipitated  by  heat,  alcohol,  mineral  acids  and  certain  metallic 
salts,  and  are  called  in  this  condition  peptones.  Peptones 
have,  moreover,  a  far  greater  power  of  diffusion  than  ordinary 
albuminous  solutions  (Funke').  Dissolved  albuminous  bodies  un- 
dergo the  same  transformation  under  the  influence  of  the  gastric 
juice.  Gelatin  is,  by  the  action  of  gastric  juice,  converted  into  an 
ungelatinizable  modification.  All  these  changes  must,  most  pro- 
bably, be  regarded  as  hydrolytic  decompositions.  As  a  smaller 
amount  of  peptones  is  obtained,  during  continued  pepsin-diges- 
tion, than  corresponds  to  the  albumin  used,  it  would  seem  that 
peptones  are  capable  of  still  further  decomposition,  the  products 
of  which  are,  however,  yet  unknown  (Kiihne^).  Under  the  action 
of  the  gastric  juice,  even  when  neutralised,  milk  is  firstly  curdled 
and  the  precipitate  of  casein  afterwards  digested.    It  is  supposed 

1  Funke,  Virchow's  Archiv,  vol.  xiii.  p.  449  ;  Leiirhuch  der  Phys.  fifth  ed.  vol.  i.  p.  1G6. 

2  For  Kiihue's  most  recent  views  concerning  the  decomposition  of  albuminous  sub- 
stances, see  a  paper  entitled  '  Weitere  Mittheilungeu  Uber  Vcrdauungsenzyme  und  die 
Verdau'unc  der  Albumine,'  Verhandl.  d.  Naturhist.  Med.  Vereins  zu  Heidelberg,  1876. 
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that  pepsin  quickly  converts  milk  sugar  into  lactic  acid  ;  milk, 
however,  coagulates  even  when  the  gastric  juice  is  alkaline.  Pro- 
cesses of  fermentation  and  putrefaction  are  generally  hindered  by 
the  gastric  juice. 

The  curdling  of  milk  does  not  depend  upon  lactic  acid  fermentation,  but 
upon  a  special  ferment  of  the  gastric  juice,  which  has  the  property  of  precipi- 
tatino-  casein ;  a  third  ferment,  which  ultimately  does  lead  to  the  promotion  of 
lactic  acid,  acts  so  slowly  that  it  cannot  he  concerned  in  the  curdling.  (Ham- 
marsten,  A.  Schmidt.) 

The  active  properties  of  the  gastric  juice  are  suspended  by  the 
same  influences  as  deprive  ferments  of  their  activity  (boiling, 
concentrated  acids,  many  metallic  salts,  strong  alcohol,  &c.) 
Concentrated  salt-solutious  delay  the  solution  of  the  albuminous 
bodies,  as  they  hinder  their  swelling  up.  In  the  same  manner 
solution  is  delayed  if  the  swelling  up  be  prevented  by  tying  thread 
tightly  round  the  pieces  of  coagulated  albumin.  Bile  also  retards 
solution,  not  only  by  neutralising  the  acid,  but  also  by  hindering 
the  swelling  up  (Briicke  '),  and  precipitating  the  peptones  (Ber- 
nard^). 

It  has  been  sought  to  explain  the  interference  of  bile  with  gastric  digestion 
(Bm'kart)  by  the  fact  that  a  precipitation  of  glycocholic  acid  occurs  on  the 
addition  of  bile  to  acid  gastric  juice,  the  pepsin  being  supposed  to  be  carried 
down  mechanically  in  the  process.  It  is  urged,  on  the  contrary  (Ham- 
marsten  that  bile  which  contains  only  tam'ocholic  acid  also  destroys  gastric 
digestion  ;  that,  fui'ther,  non-albiuninous  gastric  juice  is  not  precipitated  on  the 
addition  of  bile,  and  yet  loses  its  digestive  properties  on  admixture  with  that 
body.  Pepsin  is  not  destroyed  in  the  process,  but  can  be  again  isolated  in  an 
active  condition.  The  power  which  bile  possesses  of  preventing  digestion  de- 
pends principally  upon  the  fact  that  it  hinders  the  swelling  up  of  the  albuminous 
bodies;  it  precipitates  the  peptones  already  formed,  even  when  the  fluid  is 
decidedly  acid  (Briicke,  Schiff).  The  prevention  of  the  process  of  swelling  up 
is  said  to  depend  upon  the  combination  of  the  bile-acitis  with  albumin  (Ham- 
marsten).  Glycocholic  acid  does,  however,  possess  the  power  (Burkart)  of  pre- 
cipitating pepsin.  The  secretion  of  Brunner's  glands  also  renders  the  gastric 
juice  inoperative  (Schift"). 

Natural  gastric  juice  is  obtained  fi-om  pathological,  or  (in  the  case  of  the 
lower  animals)  artificial  gastric  fistulse  ;  and  also  by  causing  sponges  attached 
to  a  string  to  be  swallowed,  and,  after  a  time,  withdrawn  from  the  stomach. 
Artificial  gastric  juice  is  prepared  by  infusing  fi-esh  or  dry  gastric  mucous  mem- 
branes with  water  or  (von  Wittich  *)  glycerin,  and  then  adding  hydrochloric 
acid  (O'l  p.  c.)  ;  or,  also,  by  dissolving  pure  pepsin  in  water  and  acid.  Hydro- 
chloric acid  may  be  replaced  by  lactic  acid  (which  in  equal  amounts  is  less 
effective),  or  by  oxalic,  phosphoric,  or  acetic  acids,  but  the  activity  of  the  gastric 
juice  is  thereby  diminished. 

The  gastric  juice  of  the  dog,  free  from  saliva,  contains,  as  the  mean  of  a 
number  of  experiments,  in  1,000  parts : — Water  973-1,  pepsin  (and  peptone) 
17-1,  free  hydrochloric  acid  3'0,  salts  6-8  (Bidder  and  Schmidt). 


1  BrUcke,  Wiener  Sitzimgsher.  (18.59),  vol.  xxxvii.  p.  131,  and  1861,  vol.  xliii.  p.  GOl. 

2  Bernard,  Legons  de  P/ii/s.  Exp.  (185G),  vol.  ii.  p.4a0. 

3  Hammarsten,  Pfluger'fi  Arcliiv,  1868. 

*  Von  Wittich,  Ffluger's  Archio,  vol.  v.  1872,  p.  435. 
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Secretion. 

The  following  has  recently  been  made  out  with  regard  to  the 
structure  of  the  gastric  glands  (Heidenhain,'  Rollett^).  The  glands 
contain  two  sorts  of  round  cells:  (1)  the  smaller,  so-called  'Haupt- 
zellen'  (Heidenhain),  or  'adelomorphous  cells'  (Rollett),  which 
fill  the  greater  part  of  all  the  glands,  and  are  alone  found  in  cer- 
tain glands,  occurring  especially  in  the  pyloric  region  (the  '  gastric 
mucous  glands '  of  earlier  authors) ;  (2)  the  larger,  so-called 
'  Belegzellen '  (Heidenhain),  or  '  delomorphous  cells'  (Rollett), 
wliich  occur,  almost  without  exception,  oiily  near  the  bottom  of 
the  glands  at  the  sides.  Dviring  secretion  (in  the  process  of  diges- 
tion) the  glands,  and  especially  the  smaller  cells  previously  referred 
to,  at  first  swell  up  strongly,  and  afterwards  retiurn  to  their  former 
size  (Heidenhain  3).  Pepsin  is  formed  in  the  gastric  glands,  whence 
it  can  be  obtained  by  water  in  the  form  of  a  neutral  solution,  or, 
more  easily,  by  the  action  of  dilute  hydrocliloric  acid.  It  is  pro- 
bable that,  during  life  also,  it  is  extracted  from  the  cells  by  some 
acid  fluid.  Nevertheless  the  glands  themselves  very  seldom  exhibit 
an  acid  reaction,  while  the  sm-face  of  the  gastric  mucous  membrane 
is  covered  with  a  strongly  acid  gastric  juice.  The  acid  is,  however, 
formed  in  the  glands  ;  for,  if  the  sm'face  of  the  mucous  membrane 
is  neutralized  by  means  of  calcined  magnesia,  then  washed  with 
water  and  allowed  to  stand,  an  acid  reaction  again  appears  after 
some  time  (Briicke).  It  must  be  supposed,  therefore,  that  the 
gastric  glands  form  pepsin  and  an  acid,  but  get  rid  of  the  latter 
(charged  with  pepsin)  at  once  at  the  surface.  The  forces  which 
effect  these  operations  ai'e  not  understood  ;  nor  is  the  origin  of  the 
free  hydrochloric  acid  ;  for  we  can  scarcely  suppose  that  it  results 
from  the  decomposition  of  some  salt  (perhaps  calcium  chloride, 
Smith)  by  lactic  acid.  Probably  the  simultaneous  alkaline  forma- 
tion in  the  pancreatic  secretion  is  closely  connected  with  this  acid 
formation  (Meissner).  The  circumstance  that  the  gastric  mucous 
membrane  yields  far  less  pepsin  to  water  and  glycerin  than  it  does 
to  diluted  acid  or  salt  solutions  is  explained  on  the  supposition  that 
it  contains  a  zymogen  which  only  yields  pepsin  when  it  is  treated 
with  acids  or  salts  ;  only  the  fundus  of  the  stomach,  which  contains 
the  delomorphous  cells,  forms  the  zymogen  (Ebstein  and  Griitzner). 
It  has  lately  been  sm-mised  that  the  delomorphous  cells  [i.e.  peptic 
cells  of  English  writers]  are  merely  a  metamorphosed  condition  of 
the  smaller  adelomorphous  cells  (Herrendorfer).  What  part  each 
of  the  two  kinds  of  glandular  cells  takes  in  the  formation  of  pepsin 
and  acid  is  yet  in  dispute.    Wlule  the  formation  of  pepsin  used  to 

'  Heidenhain,  Archivf.  mikr.  Anat.  vol.  vi.  1870,  p.  368. 
2  Rollett,  Untersuch.  aiisdem  phys.  Inst,  in  Graz,  2. 
5  Heidenhain,  loc.  cit. 
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be  ascribed  to  the  larger  glandular  cells,  it  has  recently  been  main- 
tained that  the  smaller  variety  are  the  pepsin-formers,  because  the 
latter  more  easily  disintegrate  under  the  influence  of  hydrochloric 
acid  when  warm  than  the  former,  and  snippings  from  the  sm-face 
of  the  gastric  mucous  membrane  digest  the  more  quickly  the  greater 
the  number  of  the  smaller  kind  of  cells  they  contain  (Heidenhain, 
Ebstein  and  Griitzner  Others,  on  the  contrary,  hold  to  the 
former  opinion,  chiefly  because  the  glands  in  the  pyloric  end  of  the 
stomach,  which  contain  the  smaller  cells  only,  do  not  yield  an  in- 
fusion capable  of  digesting  foods,  if  the  secretion  of  the  larger  cells 
is  absent  (Friedinger,^  von  Wittich,  Wolfhiigel,  opposed  by  Ebstein 
and  Grriitzner,  Klemensiewicz). 

Secretion  of  gastric  juice  appears  to  occm'  only  under  the  in- 
fluence of  the  nervous  system  exerted  in  a  reflex  manner  (see 
Saliva) .  It  ceases  when  the  stomach  becomes  empty ;  but  re- 
coDomences  when  it  is  filled  with  substances  (food)  which  mechanic- 
ally irritate  it ;  and,  probably  also,  on  irritation  of  the  mucous 
membrane  of  the  mouth.  The  saliva  which  is  swallowed  seems  to 
be  concerned  in  this  stimulation  (Rollett).  Secretion  appears  to 
be  independent  of  the  integrity  of  the  nerves  (vagi,  &c.)  supply- 
ing the  stomach  ;  the  central  organs,  therefore,  of  a  portion  of  the 
secretory  nerves  must  be  sought  for  in  the  walls  of  the  stomach 
itself  (Briicke,  Eavitsch).  Dming  secretion  a  reddening  of  the 
mucous  membrane  occurs,  and  probably,  therefore,  a  dilatation  of 
the  glandular  vessels,  similar  to  that  which  takes  place  in  the 
secretion  of  saliva. 

If  the  nerves  be  divided,  a  continual  secretion  of  gastric  juice  is  supposed  to 
occur  (H.  Braun).  The  process  of  storing  up  the  mucous  membrane  with 
pepsin  or  its  zymogen,  which  appears  to  proceed  side  by  side  with  the  enlarge- 
ment of  the  '  peptic  cells/  increases  when  food  is  taken  (Griitzner)  ;  its  de- 
pendence upon  a  supply  of  certain  substances,  such  as  dextrin  [substances 
peptogenes  of  Schiff  ^j,  has 'not  been  confirmed. 

The  secreted  gastric  juice  is,  probably,  for  the  most  part,  re- 
absorbed in  the  intestines  (Chap.  III.)  Small  amounts  of  pepsin 
are,  therefore,  found  in  various  fluids  of  the  body,  e.g.  in  the  paren- 
chymatous juices  of  the  muscles,  in  urine  (Briicke).  The  acid  of 
the  gastric  juice  is  neutralized  by  the  alkaline  intestinal  juice. 
When  the  action  of  the  latter  is  prevented,  the  urine  becomes 
alkaline  (Maly).  No  serviceable  determination  or  estimation 
exists  of  the  amount  of  gastric  juice  secreted. 

J  '  Ebstein  und  Grutzner,  'Ueber  den  Ort  der  Pepsinbildung  im  Magen,'  Pfluqer's 
^rc/i!u,  1872,  vol.  vi.  p.l.  e,    >     J  n 

2  Friedinger,  Wiener  Sitzimgsher.,  1871  (Oct.) 

3  Schiff,  J.egom  sur  la  F/njsiologie  de  la  Digestion,  vol.  ii.  p.  200,  et  seq. 
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4.  Bile. 

Bile  is  a  neutral  or  weakly  alkaline,  mostly  viscid,  bitter  fluid, 
varying  in  colour  from  yellow,  brown,  or  green  to  black.  Its  specific 
constituents  (apart  from  the  mucus  which  originates  in  the  gall- 
bladder and  ducts)  are:— (1)  the  sodium  salts  of  two  conjugate 
acids  (so-called  'bile-acids'),  viz.  glycocholic  acid  (called  also 
cholic  acid)  and  taurocholic  acid  (called  also  choleic  acid).  The 
former  is  compounded  of  nitrogenous  giycocine  and  non-nitrogenous 
cholic  acid,  the  latter  of  taurine  (which  contains  nitrogen  and 
sulphur)  and  cholic  acid ;  (2)  cholesterin,  held  in  solution  by  the 
salts  of  the  bile-acids ;  (3)  products  of  decomposition  of  lecithin,  viz. 
choline  or  neurine,  and  glycerin-phosphoric  acid  ;  (4)  urea  (Popp) ; 
(5)  colom-ing  matters,  especially  one  of  a  reddish-yellow  colour, 
bilirubin  (cholepyrrliin,  bilifulvin)  ;  another  of  a  green  colour,  bili- 
verdin,  perhaps  only  a  derivative  of  the  former;  (6)  small  quanti- 
ties of  fats  and  soaps;  (7)  a  sugar-forming  ferment  (J.  Jacobson, 
von  Wittich  ^)  ;  (8)  sugar  (Naunyn). 

Bile  may  be  obtained  from  the  gall-bladder  after  death ;  and,  during  life,  in 
tbe  lower  animals  by  means  of  artiticial  biliary  tistiilse,  which  may,  at  the  same 
time,  be  used  to  determine  the  amount  secreted  in  a  given  time.  The  colour  of 
bile  varies  much  imder  dilferent  physiological,  and  still  more  under  different 
pathological,  conditions,  and  in  different  classes  of  animals.  In  the  air  yellow 
bile  becomes  green  through  the  oxidation  of  bilirubin  to  biliverdin.  The  bile  of 
vegetable-feeding  animals  is  green  while  in  the  gall-bladder.  The  salts  of  the 
bile-acids  may  be  easily  obtained  by  evaporating  bile,  exti-acting  with  absolute 
alcohol,  decolourizing  the  extract  by  means  of  animal  charcoal,  and  adding  abso- 
lute ether.  When  prepared  in  this  manner,  they  are  obtained  in  the  form  of  a 
resinous  precipitate,  which  becomes  crystalline  on  being  kept  in  a  mixture  of 
alcohol  and  ether  ('crystallized  bile ').  The  two  bile-acids  are  present  in  various 
proportions ;  in  man,  amphibia,  and  fishes,  tam'ocholic  acid  predominates,  as  also 
in  many  mammals  and  birds  :  in  others  {e.g.  in  pigs,  kangaroos),  it  is  glycocholic 
acid  which  predominates.  The  cholic  acid  contained  in  the  bile-acids  is  replaced 
in  various  animals,  by  other  allied  acids  (p.  18),  e.g.  in  the  goose  by  chenocholic 
acid,  in  the  pig  by  hyocholic  acid,  in  guano  by  guanogallic  acid  ;  and  the  bile- 
acids  bear  different  names  accordingly  (taurochenocholic  acid,  hyoglycocholic 
acid).  The  bile-acids  rotate  the  plane  of  polarization  to  the  right,  cholesterin 
to  the  left  (Iloppe-Seyler). 

Human  bile  contains  in  1,000  parts,  water  822-7-908-1 ;  salts  of  the  bile- 
acids  107'9-56-5  (some  estimates  are  lower  than  these,  Trifanowsky,  Socoloff)  ; 
fat  and  cholesterin  47-3-30-9 ;  mucin  and  colouring  matters  23'9-14-5 ;  ash 
10-8-6-3  (v.  Gorup-Besanez). 

Secretion. 

The  formation  of  bile  takes  place  in  the  so-called  lobules 
{acini)  of  the  liver.  Each  acinus  receives,  like  the  whole  liver, 
arterial  blood,  which  is  brou.ght  by  the  hepatic  artei-y,  and  venous 
blood,  which  is  conducted  through  the  portal  vein  from  the  capil- 

>  V.  Wittich,  PJluger's  Archiv,  vol.  vi.  1872,  p.  181. 
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laries  of  the  stomach,  intestine,  pancreas  and  spleen;  and  each 

furnishes  venous  blood  to  the  hepatic  vein. 

The  terminal  branches  of  the  portal  vein  {interlohular  veins),  and  of  the 
hepatic  artery,  which  lie  at  the  periphery  of  the  lobule,  are  connected  with  the 
initial  branches  of  the  hepatic  vein  {intralobular  veins),  which  start  from  the 
centre,  by  a  close,  interlacing  capillary  network,  whose  meshes  are  crowded  by 
the  large,  roimd,  glandular  cells  of  the  liver.  These  liver-cells  are  so  arranged 
(Hering)  that  they  form  the  wall  of  the  finest  gall-passages,  often  as  few  as 
two  only  pccuriing  in  a  transverse  section.  These  passages  open  into  an  inter- 
lobular'  network  surrounding  the  acini,  whence  springs  the  hepatic  duct,  which, 
after  giving  ofi"  a  lateral  branch,  the  cystic  duct,  to  a  reservoir,  the  gall-bladder, 
opens  into  the  duodenum  as  the  ductus  communis  eholedochus.  The  blood  of 
the  portal  vein,  which  has  previously  traversed  one  capillary  system,  and  which 
is  now  for  the  second  time  distributed  over  an  enormous  vascular  area,  must 
flow  extremely  slowly  in  the  capillaries  of  the  liver. 

Bile-formation  takes  place  continually.  It  would  seem  that, 
dm'ing-  the  intervals  between  periods  of  digestion,  the  secretion  is 
conveyed  through  the  cystic  duct  to  the  gall-bladder,  and  there 
stored  up ;  but  that,  during  digestion,  it  is  poured,  both  directly 
from  the  liver,  and  also  from  the  gall-bladder,  into  the  intestine. 
The  formation  of  the  specific  constituents  takes  place  in  the  liver- 
cells.  That  these  constituents  are  not  simply  separated  from  the 
blood  is  shown  by  the  fact  that,  neither  imder  ordinary  circum- 
stances, nor  when  secretion  is  prevented  (by  extirpation  of  the 
liver)  can  they  be  detected  in  the  blood  flowing  to  the  liver. 

On  the  contraiy,  they  rapidly  appear  in  the  blood  if  the  outflow  of  the  bile 
from  the  liver  is  prevented  by  the  stoppage  of  the  excretory  duct,-  and  the  pres- 
sure in  the  gall-passages  by  this  means  raised ;  a  very  slight  pressure  is  all  that 
is  required  to  eflect  this  return  into  the  blood  ;  biliary  colouring  matters,  cholic, 
glycocholic,  and  taurocholic  acids,  may  then  be  detected  in  the  urine  (Hoppe- 
Seyler),  and  the  first  colours  the  urine  brown,  and  the  skin  and  mucous  mem- 
branes yellow^ — Jaundice.  Other  colouring  matters  also,  which  appear  in  the 
gaU-passages  under  pressure,  are  re-absorbed  and  colour  the  mucous  membranes, 
&c.  The  acini  themselves  do  not  become  coloured  under  these  circumstances  ; 
nor  is  the  bile  coloured,  which  is  secreted  by  them  at  the  same  time ;  absorption 
does  not,  therefore,  in  the  liver  take  place  in  the  acini,  but  in  the  gall-passages 
(Heidenhain). 

It  is  uncertain  from  which  of  the  two  kinds  of  blood  flowing 
into  the  liver  the  materials  for  the  preparation  of  bile  are  chiefly 
derived.  According  to  some  investigators  (Ore,  Frerichs,  and 
others),  ligature  or  obliteration  (Kottmeyer)  of  the  hepatic  artery 
suspends  the  secretion  of  bile,  while  that  of  the  portal  vein  has  no 
such  result.  Other  researches  (Schiff )  have  led  to  exactly  opposite 
results.  According  to  recent  researches  (Cohnheim  and  Litten) 
the  hepatic  artery  only  supplies  the  hepatic  ducts  and  the  connec- 
tive tissue  with  blood  ;  these  capillary  systems  empty  into  the 
interlobular  veins,  the  portal  vein  alone  supplying  the  acini. 

Comparative  examinations  of  blood  flowing  into  and  out  of  the 
liver  have  merely  approximately  disclosed  the  nature  of  the  sub- 
stances which  are  retained  in  the  liver  and  there  converted  into  the 
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constituents  of  bile.  Analysis  of  blood  from  the  portal  and  hepatic 
veins  shows  that,  apart  from  the  appearance  of  sugar  in  the  latter 
(Chap,  v.),  hepatic  venous  blood  contains  less  water,  albumin, 
fibrin,  fats,  blood- colouring  matter  and  salts,  but  more  blood  cor- 
puscles (Chap.  V.)  than  portal  blood,  which,  especially  after  diges- 
tion, is  very  rich  in  fats  (Lehmann,  C.  Schmidt).  The  high  tem- 
perature of  the  gland  and  of  hepatic  venous  blood  shows  that  active 
oxidation  goes  on  during  secretion. 

Of  the  more  special  chemical  changes  which  take  place  during  secretion,  the 
most  probable  is  the  formation  of  the  biliary  colouring  mattera  from  blood- 
colouring  matter,  which  is  based  upon  the  identity  (Virchow,  Valentin,  Jaffe), 
or  at  least  the  strong  resemblance  (Stadeler  and  Holm)  of  bilirubin  and  hjema- 
toidin.  Some  maintain,  also,  the  origin  of  cholic  acid  and  sugar  from  fats,  the 
glycerin,  according  to  various  hypotheses,  yielding  sugar,  and  the  fattj'  acids, 
cholic  acid ;  but  the  existence  of  such  processes  is  as  yet  unsupported  by  facts. 
The  processes  of  decomposition  which  take  place  during  digestion  may  possibly 
account  for  the  origin  of  glycocine  and  taurine ;  and  the  further  syntheses  in 
which  they  take  part  may  have  theu'  seat  in  the  liver,  The  glycocine  of  the 
liver  may  be  conjugated  with  other  acids  than  cholic  acid,  e.g.  with  benzoic 
acid,  to  form  hippmic  acid  (see  under  Urine). 

The  amount  of  bile  secreted,  which  it  is  impossible  to  estimate 
exactly,  varies  between  about  160  and  1,200  grms.  in  twenty-four 
hours  (as  Ludwig  has  estimated  from  the  data  of  others).  It 
depends  to  a  large  extent  upon  the  food  taken.  It  is  increased 
by  ingestion  of  water  (in  which  case  the  bile  is  more  watery),  by 
an  animal  diet,  and,  to  a  less  extent,  by  a  vegetable  diet  also. 
Fatty  foods  do  not  at  all  increase  the  amount  secreted  ;  and  star- 
vation diminishes  it  considerably.  The  maximum  of  secretion  is 
reached  several  hours  after  the  ingestion  of  food,  and  it  occurs  the 
later  the  more  plentiful  the  meal  has  been  (Bechamp).  The  in- 
fluence of  the  nervous  system  upon  the  formation  of  bile  is  little 
known ;  irritation  of  the  vaso-motor  nerves  of  the  liver,  especially 
of  the  splanchnics,  diminishes  secretion  (Heidenhain,  J.  Munk). 

Other  substances  may  be  foimd  abnormally  in  the  bile,  which  have  been 
taken  into  the  body  along  with  the  food,  and  are  being  voided  by  this  way. 
Heavy  metals,  especially,  are  said  to  find  their  way  into  the  liver  and  the  bile. 
Copper  and  lead  occur  somewhat  regularly  in  the  liver. 

Concerning  other  fimctions  of  the  liver,  see  Chapter  V. 

Separation. 

The  outflow  from  the  liver  of  the  bile  already  formed  is  occa- 
sioned probably  by  the  mechanical  pressure  exerted  by  the  secretion, 
assisted  by  the  compression  of  the  liver  during  inspiration.  The 
amount  of  bile  collected  from  fistulas  is,  therefore,  diminished 
durihg  the  slow  respiration  which  follows  section  of  the  vagi 
(Heideuhain).  The  evacuation  of  the  gall-bladder  and  the  larger 
gall-passages,  however,  is  probably  brought  about  by  the  contrac- 
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tion  of  their  smooth  muscular  fibres,  which  takes  place  simulta- 
neously with  the  movements  of  the  intestine  (Heidenhain). 

Sucli  contractions  may  be  artificially  induced  by  stimulating  the  spinal  cord. 
The  first  eflect  of  this  irritation  is  an  expulsion  of  bile,  of  which,  however,  the 
flow  soon  diminishes,  owing  to  the  simultaneous  irritation  of  vaso-motor  nerves ; 
both  the  nerves  supplying  the  muscular  coats  of  the  biliary  passages  and  the 
vaso-motor  nerves  are  contained  in  the  splanchnics. 

As  animals  with  biliary  fistulas  quickly  grow  lean,  provided 
they  are  prevented  from  devouring  the  bile  which  escapes,  it  is 
supposed  that  the  greater  portion  of  the  bile  is  reabsorbed  in  the 
intestines.  The  ultimate  destination  of  the  reabsorbed  biliary 
matters  is,  however,  not  known ;  nor  have  the  other  circumstances, 
which  help  to  explain  the  starvation  of  the  animals  fi-om  which  the 
biliary  secretion  is  removed,  been  completely  eliminated  from  the 
question.  Moreover,  in  the  normal  condition,  all  the  biliary  sub- 
stances are  found  in  the  f£eces  in  considerable  quantities — the 
colouring-matters  which  colour  the  faeces,  bile-acids,  mucus, 
cholesterin,  &c.  The  bile-acids,  especially  taurocholic  acid,  un- 
dergo in  the  lower  part  of  the  intestinal  tube  a  hydrolytic  decom- 
position (Chap.  III.) ;  there  being  found  in  the  faeces,  therefore, 
glycocholic  acid,  cholic  acid,  and  their  anhydrides,  choloidic  acid 
and  dyslysin  (Hoppe-Seyler).  The  reabsorptionof  the  specific  con- 
stituents of  bile  is,  therefore,  yet  doubtful. 

Unlike  all  the  other  secretions  connected  with  the  digestive 
apparatus,  bile  is  probably  of  no  importance  in  digestion  proper 
{i.e.  in  the  preparation  of  food  for  absorption). 

[This  statement  is  perhaps  too  absolute.  The  researches  of  Kiihne  lead  us 
to  the  inference  that  the  bile  aids  pancreatic  digestion  by  co-operating  in  the 
neutraliza  ion  of  the  gastric  juice,  the  pancreatic  ferment  (trypsin)  being  not 
merely  inactive  in  an  acid  fluid  which  contains  pepsin,  but  being  actually  de- 
stroyed by  it.] 

The  one  property  it  possesses,  which  is  of  value  for  that  pur- 
pose, viz.  that  of  emulsionising  fats,  is  shared  by  it  with  other 
secretions  which  possess  it  in  a  far  higher  degree  (pancreatic 
juice,  and,  perhaps,  intestinal  juice).  Solutions  of  peptones  are 
precipitated  by  bile ;  a  circumstance  the  importance  of  which 
will  be  spoken  of  in  the  next  chapter.  The  importance  of  bile 
physiologically  appears  to  be  chiefly  in  regard  to  the  absorption 
of  fats  (Chap.  HI.)  Bile  (and  the  salts  of  the  bile-acids),  for 
instance,  renders  possible  both  filtration  of  fats  through  mem- 
branes under  slight  pressure,  and  diffusion  between  fats  and 
watery  solutions  (von  Wistinghausen),  probably  because  it  occasions 
the  simultaneous  imbibition  of  both  (a  condition  of  diffusion), 
in  the  form  of  soapy  solutions.  It  renders  easier,  also,  the  pas- 
sage of  fats  through  narrow  (capillary)  tubes.  Bile  is  also  said 
to  induce  contraction  of  the  muscular  fibres  of  the  villi  (Chap.  HI.) 
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(Schiff),  and  thus,  again,  to  assist  in  the  absorption  of  fats.  It 
appears  moreover  to  prevent  putrefactive  decomposition  of  the 
contents  of  the  intestine.  (Its  power  of  preventing  butyric  fer- 
mentation has  been  directly  determined  by  Paschutin.) 

In  accordance  with  what  has  heen  said  ahove,  when  bile  is  suffered  to 
escape  through  a  fistula,  there  occurs  no  essential  disturbance  of  the  digestive 
processes,  but  only  (1)  prevention  of  the  absorption  of  fats  (as  indicated  by  the 
fat  contained  in  the  faeces,  and  the  absence  of  fat  in  the  chyle)  ;  (2)  colourless, 
ill-odoured,  hard  fa3ces  ;  (3)  at  the  same  time  excessive  hunger  on  the  part  of 
the  animal ;  (4)  the  endeavour  on  the  part  of  the  animal  to  make  up  for  the 
deficient  absorption  of  fat  by  increased  consumption  of  hydro-carbonaceous 
foods  (Chapter  VI.) 

0.  Pancreatic  Juice. 

The  pancreatic  j-uice  secreted  in  the  racemose  pancreas,  whose 
structure  resembles  closely  that  of  the  salivary  glands,  is  a  strongly 
alkaline,  clear,  very  tough,  colourless  fluid,  coagulable  by  heat. 
Its  specific  constituents  are  (1)  several  albuminous  bodies  coagu- 
lable by  heat,  which  are  scarcely  distinguishable  from  albumin 
itself,  and  to  which  many  observers  ascribe  the  ferment-action 
of  the  secretion  (pancreatin).  According  to  others  (Danilewsky) 
the  ferments  of  the  pancreatic  secretion  are  special  bodies. 
(2)  Several  hydrolytic  ferments  (see  below)  capable  of  separation 
one  from  another.  (3)  Leucine  and  other  products  of  decomposi- 
tion of  albxuninous  bodies. 

Pancreatic  juice  may  be  obtained  by  means  of  artificial  fistulse  ;  and  an 
artificial  juice  may  be  made  by  infusing  the  glandular  substance  in  water  or 
glycerin. 

The  pancreatic  juice  has,  by  virtue  of  the  ferments  it  contains, 
three  well-marked  properties  which  render  it  very  important  in 
indigestion  :  ( 1 )  It  converts  starch-mucilage  into  dextrin  and 
sugar  more  powerfully  than  saliva  from  the  mouth  (Bernard). 
( 2)  It  decomposes  neutral  fats  very  quickly,  in  such  a  manner 
that,  in  the  presence  of  water,  glycerin  and  fi-ee  fatty  acids  are 
formed  (p.  29) ;  the  latter  then  partly  combine  with  the  alkali 
of  the  pancreatic  juice  to  form  soaps,  while  the  excess  causes  an 
acid  reaction.  With  the  decomposition  is  connected  an  emulsion- 
isation  of  the  fats  (Bernard),  which  is  probably  brought  about  by 
the  products  of  decomposition  themselves  (Briicke).  (3)  Co- 
agulated albuminous  bodies  are  dissolved  by  the  pancreatic  juice, 
as  also  is  gelatin  (Corvisart).  The  ferment,  pancreatinin  (or 
trypsin,  Kiihne)  is  only  active  in  alkaline  solutions  (compare  in 
this  respect  pepsin),  and  does  not  lead  to  a  preliminary  swelling 
up  of  the  matters  digested.  The  fluid  in  which  the  dissolved  pro- 
teids  are  contained  agrees  in  its  characters  with  solutions  of 
peptones  (Kiihne).  After  the  lapse  of  some  time,  however,  the 
peptones  found  are'  further  decomposed  (Kiihne),  and  there  appear 
leucin,  tyrosin,  aspartic  and  glutamic  acids  (Radziejewski  and 
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Salkowski,  v.  Knieriem),  besides  iinknown  extractive  matters, 
amongst  which  is  Indol,  CigHj^Na,  which  is  coloured  violet  by 
chlorin,  and  which  possesses  an  unpleasant  faecal  odour. 

TThe  proteolytic  formation  of  the  pancreas  is  from  the  foregoing  facts  proved 
to  be  a  very  different  body  from  that  contained  in  the  gastric  juice.  The  con- 
ditions of  its  activity  are  different,  alkalinity  being  as  essential  to  it  as  is 
acidity  to  the  proper  activity  of  pepsin,  and  the  products  of  that  activity  are 
different  also  ;  besides  -whichj  as  far  as  can  be  made  out,  trypsin  possesses  a  very 
different  chemical  composition,  being  in  all  probability  proteid  in  nature. 
Kiihne  explains  the  different  action  of  pepsin  and  trj^psin  on  the  proteid  bodies 
by  assuming  that  these  bodies  are  capable  of  being  decomposed  up  to  a  certain 
point  by  both  ferments.  Every  proteid,  according  to  Kiihne,  can  be  decomposed 
into  .bodies  belonging  to  two  groups,  termed  respectively  the  anti- and  hemi- 
group  ;  thus  albumin,  under  the  influence  of  either  pepsin  or  trypsin,  is  decom- 
posed into  bodies  to  which  Kiihne  gives  the  name  of  Anti-albumin  and  Hemi- 
albumin.  The  former,  by  the  continued  action  of  pepsin,  may  be  converted 
into  so-called  antipeptone,  the  characteristic  of  this  body  being  that  it  cannot, 
by  the  action  of  either  of  the  digestive  ferments  under  consideration,  be  further 
split  up ;  pepsin  can,  however,  exert  no  fm-ther  action  on  the  Hemi-albumose ; 
if,  however,  subjected  to  the  action  of  trypsin,  that  body  splits  up  into  leucine, 
tyrosine,  &c. 

Kiihne's  views  will  be  better  understood  by  a  glance  at  the  accompanying 
schema  of  the  digestive  decomposition  of  albumin  : 


A  characteristic  of  tryptic  digestion  which  distinguishes  it  from  peptic 
digestion  has  been  referred  to  in  the  text,  and  is  of  importance,  to  wit, — pro- 
teids,  when  subjected  to  the  action  of  pepsin  and  hydrochloric  acid,  always  sweU 
up  and  become  transparent,  and  it  is  only  after  this  preliminary  stage  that 
solution  commences  ;  when  digested  by  trypsin  they  do  not,  however,  swell  up 
in  this  fashion,  the  body  which  is  being  dissolved  presenting  an  opaque  and 
eroded  surface.] 

The  leucine  which  is  contained  in  the  pancreatic  juice  is  a  product  of  the 
action  of  the  juice  upon  the  proteids  which  it  contains ;  the  rose-colouration 
produced  by  the  action  of  chlorine  on  the  pancreas  (Tiedemann  and  Gmelin)_is 
to  be  explained  in  a  similar  manner.  The  formation  of  Indol  appears  to  be  the 
result  of  a  process  of  decomposition,  for  it  is  invariably  associated  with  the 
development  of  organisms  (HUfner,  Kiihne),  and  does  not  occm'  in  the  presence 
of  such  antiseptic  agents  as  salicylic  acid. 

When  gelatin  is  digested  by  trypsin  there  occurs  decomposition  into  leucine, 
glycine,  ammonia,  but  no  indol  is  formed  (v.  Nencii).  Even  alkaline  albu- 
minate is  digested  by  pancreatic  juice,  though  more  slowly  than  fibrin  (Senator). 
The  gas  generated  during  pancreatic  digestion,  if  putrefaction  be  hindered, 
consists  entirely  of  carbonic  acid,  and  this,  too,  is  absent  if  oxygen  be  kept 
away  :  when  putrefaction  sets  in,  hydrogen,  marsh  gas,  nitrogen,  &c.,  are  liber- 
ated (Hiifner,  Kiinkel,  and  others). 

Besides  the  fats,  other  glycerin  ethers  are  decomposed  by  the  pancreatic 
juice,  as  monobutyrin  (Berthelot),  acetic  ether  (Heritsch). 

It  is  worthy  of  remark  that  all  the  above-mentioned  actions  of  the  paucreaa 


ALBtririN  (  +  pepsin  +  dilute  HOI) 

Anti-albumin       Hemi-albumose  (not  further  acted  upon  by  pepsin) 
/\  +  Trypsin  in  alkaline  solution. 


Antipepton    Antipepton       Hemipepton  Hemipepton 

Leucine    Tyrosine   Leucine  Tyi'osine 
&c.         &c.  &c.  &c. 


144 


PANCREATIC  JUICE.— INTESTINAL  JUICE. 


are  the  same  which  are  induced  by  boiling  with  mineral  acids  (compare  p.  27). 
Pepsin  hinders  the  action  of  trypsin  (Kiihne.)  [It  has  been  shown  by  Kiihne 
that  pepsin  in  acid  solution  actually  destroys  trypsin;  trypsin  in  alkaline  solution 
does  not  possess  the  converse  power  of  destroying  pepsin,  which,  however,  is 
altogrether  inactive  in  an  alkaline  fluid.] 

The  pancreatic  juice  of  the  dog  contains  01  per  cent,  of  water,  8-2  per  cent, 
of  organic  matter,  0-8  per  cent,  of  ash  (Bernard). 

Secretion. 

The  secretion  of  pancreatic  juice  probably  never  takes  place 
witbout  nervous  stimulation  (as  is  the  case  with  saliva).  It  is 
usually  very  slight,  but  increases  much  during  digestion.  That  the 
specific  constituents  of  the  secretion  are  formed  in  the  glandular 
cells  is  proved  by  (1)  the  activity  of  an  infusion  of  the  glandular 
substance,  and  (2)  the  presence  of  cell-fragments  in  the  secretion 
(Donders).  It  may  be  assumed,  therefore,  that  the  constituents 
become  free  in  this  case  also  by  the  disintegration  of  the  cells. 
Increased  secretion  is  constantly  accompanied  by  increased  circula- 
tion, and  reddening  of  the  gland  (Bernard').  We  may,  therefore, 
surmise  some  vaso-motor  effect  of  the  nerves,  as  is  the  case  with 
the  salivary  glands. 

The  nerves  affecting  this  secretion  are  unknown;  they  appear  to  be  called 
into  action  reflexly  by  stimulation  of  the  gastric  mucous  membrane,  just  as  are 
those  of  the  salivary  glands  on  stimulation  of  the  mucous  membrane  of  the 
mouth  (Ludwig'^)  ;  hence  the  secretion  of  the  gastric  and  pancreatic  juices 
occurs  simultaneously  (Bidder  and  Schmidt  ^).  Irritation  of  the  medulla  ob- 
longata increases  the  flow,  probably  only  by  inducing  contraction  of  the  duct 
(Landau).  Irritation  of  the  central  end  of  the  vagus  stops  the  secretion  (N.  0. 
Bernstein  *)  ;  the  same  stoppage  occurs  during  vomiting  (Weinmann  ^,  Ber- 
nard"). The  relative  amount  of  solid  constituents  is  inversely  proportioned  to 
the  rapidity  of  secretion  (Weinmann) ;  that  of  salts,  however,  is  pretty  constant, 
and  is  the  same  as  in  blood-sermn  (N.  0.  Bernstein). 

The  quantity  of  pancreatic  juice  secreted  cannot  be  accurately 
estimated  by  means  of  fistulge,  because  the  pancreas  has  two  anas- 
tomosing excretory  ducts.  The  ultimate  destination  of  the  secre- 
tion is  probably  the  same  as  that  of  saliva  and  gastric  juice. 

6.  Intestinal  Juice. 

Intestinal  juice  (Succus  entericus)  is  the  secretion  poured  out 
by  the  tubular  glands  of  Lieberkiihn,  which  are  present  in  all 
parts  of  the  intestine.  It  was  not  possible  until  quite  recently  to 
obtain  pure  intestinal  juice.  The  method  now  adopted  is  as  fol- 
lows (Thiry :  An  animal  is  taken  and  a  portion  of  the  intestine, 

»  Claude  Bernard,  Zepons  de  Pht/s.  Expl,  1856,  vol.  ii.  pp.  170-377. 

2  Ludwig,  Lehrhuch  d.  Phys.  vol.  ii.  p.  354. 

3  Bidder  and  Schmidt,  DieVerdauungssafte,  p.  240. 
•*  N.  O.  Berstein,  Ludwii/'s  Arlmten,  1870,  p.  1. 

6  Ludwig  und  Weinmann,  Zeitsch.f.  rat.  Med.  N.  F.,  vol.  iii.  p.  247. 

6  Bernard,  I.e.  p.  226. 

7  Thiry,  Wiener  Sitzungsbcr.,  vol.  1.  Part  I.  p.  77. 
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still  connected  with  the  mesentery,  is  separated  from  the  rest. 
The  two  ends  of  the  remaining  portion  are  made  to  unite,  the 
animal  continuing  to  live,  but  with  an  intestine  somewhat  short- 
ened. The  portion  separated  from  the  rest  is  closed  at  one  ex- 
tremity, while  the  other  is  stitched  to  the  sides  of  the  wound  in 
the  abdomen.  As  the  nutrition  of  the  piece  of  intestine  has  not 
been  interfered  with,  secretion  will  take  place  as  usual,  and  the 
intestinal  jmce  will  be  poured  out  at  the  open  end. 

The  juice  so  obtained  is  a  thin,  bright  yellow,  strongly  alka- 
line, albuminous  fluid.  It  acts  as  a  ferment  only  on  fibrin,  which 
it  quickly  dissolves  (it  does  not  dissolve  other  coagulated  albu- 
minous bodies,  Thiry).  Nothing  is  certainly  known  concerning 
its  chemical  constituents. 

Under  ordinary  circumstances  secretion  is  almost  quiescent ; 
but  under  the  stimulation  of  mechanical  irritation  of  weak  acids, 
it  may  be  largely  increased  (13  to  18  grms.  hourly  from  a  surface 
of  100  sq.  cm.) 

formerly  an  impure  intestinal  juice  was  obtained  through  intestinal  fistulse 
by  the  removal  of  the  food,  or  by  introducing  sponges  into  the  intestines,  or  by 
preventing  the  admixture  of  the  other  secretions  which  are  poured  into  the 
intestine.  According  to  an  older  view,  which  has  been  supported  in  part  in 
recent  times,  intestinal  juice  acts  upon  starch  (SchifF,  Quincke'),  and  upon  fats 
(SchiflP),  like  the  pancreatic  secretion,  but  somewhat  more  slowly.  The 
ferments  extracted  from  the  intestinal  mucous  membrane  by  means  of  glycerin 
do  not  possess  the  power  of  digesting  albumin,  although  they  can  convert  starch 
into  sugar.  The  glands  of  the  large  intestine  are  unable  to  bring  about  the 
latter  operation  (Eichhorst,'  Costa). 

The  intestinal  juice  of  the  dog  contains  97'6  per  cent,  of  water,  0'8  per  cent, 
of  albiunin,  0-7  per  cent,  of  other  organic  matters,  0*9  per  cent,  of  ash  (Thiiy). 

The  acinous  glands  of  Brunner  of  the  duodenum  yield  a  viscid  secretion 
which  has  been  little  investigated,  and  which,  upon  the  ground  of  anatomical 
analogies,  was  once  compared  vnth  mucus,  then  with  pancreatic  juice,  lately  by 
Griitzner  with  the  secretion  of  the  pyloric  glands :  even  were  pepsin  formed  in 
these  glands  it  could  exert  no  action  on  account  of  the  alkalinity  of  the  intestines 
and  the  bile. 

2.  Ebspiratory  Secretions. 

The  lungs  may  be  regarded  in  structure  and  function  as  a 
racemose  gland  with  a  gaseous  secretion,  the  excretory  duct  of  which 
is  the  trachea.  As  will  be  explained  in  Chap.  IV.,  the  forces  which 
effect  the  separation  of  carbonic  acid  at  the  lungs  are  by  no  means 
thoroughly  understood. 

The  numerous  mucous  glands  which  are  scattered  about  the  air 
passages,  from  the  nasal  opening  in  the  face  to  the  smaller  bronchial 
tubes,  yield  a  fluid  mucus.    The  glands  are  racemose  and  possess 

1  Quincke,  Archiv  f.  Anat.  u.  Phys.,  ]868. 

«  Schiff,  II  Mnri/agni,  1867,  No.  ix.  ;  Centralblatt,  1868,  No.  xxiii. 
3  Eiclihorst,  Fjlilgers  Archiv,  vol.  iv. 
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pavement-epithelium  ;  the  smallest  of  them  are,  however,  more 
tubular,  and  ai-e  provided  with  cylindrical  epithelium.  The  same 
remarks  apply  to  this  secretion  as  to  that  of  the  mucous  glands  of 
the  alimentary  apparatus.  The  mucus  is  apparently  secreted  only 
in  small  quantities,  and  the  excess  is  removed  from  the  body,  by  an 
arrangement  which  will  be  spoken  of  hereafter  (Chap.  IV.) 

3.  Ueinaet  Secretion. 

The  lu'ine  secreted  in  the  kidneys  is  a  trae  excretion,  the 
removal  of  which  from  the  organism  is  necessary,  as  it  is  of  no 
fm-ther  use.  It  serves  to  caiTy  out  of  the  body  certain  ultimate 
products  of  the  oxidation  of  nitrogenous  substances,  as  well  as  the 
excess  of  water.  The  products  of  oxidation  are  separated  along 
with  salts  in  the  form  of  watery  solutions. 

Urine  is  a  clear,  transparent,  amber-coloured,  and  slightly  acid 
fluid,  with  a  bitter  saline  taste  and  an  aromatic  odour  (specific 
gravity  1*005 — 1*030).  A  little  mucus  from  the  mucous  glands 
of  the  excretory  ducts  (especially  of  the  bladder)  is  usually  mixed 
with  it.  Its  specific  constituents  are : — 1 .  Urea,  the  cliief  ultimate 
product  of  the  oxidation  of  nitrogenous  bodies.  2.  Uric  acid, 
existing  in  the  form  of  neutral  m-ates  of  the  alkalies.  3.  Hippuric 
acid  in  very  varying  amounts  ;  it  may,  indeed,  be  absent  altogether. 
Of  the  organic  constituents  the  above  three  are  the  most  important ; 
fm-ther :  4.  Creatinine.  5.  Xanthine.  6.  Sarcine  (Hypoxanthine) ; 
7.  Ammonia,  both  free  and  in  salts,  amongst  which  is  ammoniimi- 
oxalm'ate.  8.  Urinary  colouring  matters  :  urobilin,  urohsematin, 
occasionally  indigo  blue.  9.  Indican.  10.  Grrape  sugar  (Briicke, 
denied  by  some).  1 1 .  Oxalic  acid,  in  salts  ;  1 2.  Inorganic  salts, 
especially  sodium  chloride,  acid  sodium  phosphate,  sodium  sulphate, 
carbonates,  and  in  addition  to  salts  of  the  alkalies  those  of  calcium 
and  magnesium.  13.  Water.  14.  Gases:  oxygen,  carbonic  acid, 
and  some  nitrogen  (Morin,  Pfliiger). 

Which  of  the  above-mentioned  specific  constituents  of  urine  are  most  exten- 
sively represented  seems  to  depend  upon  the  kind  of  food  taken.  In  flesh- 
eating  mammalia  urea  is  present,  as  in  man,  in  largest  amount ;  very  little  uric 
acid  and  hippuric  acid  being  found.  In  the  urine  of  vegetable-feeders  but  little 
urea  and  no  uric  acid  are  present,  wbile  hippuric  acid  abounds.  Dietetic 
changes  effect  variations  in  the  urine.  Human  urine  also  varies  with  the  food 
ingested  (see  below),  hippuric  acid,  especially,  increasing  with  the  increase  of 
vegetable  food  taken,  and  disappearing  when  animal  food  alone  is  eaten.  The 
urfne  of  birds,  scaled  amphibia,  insects,  &c.,  which  becomes  solid  immediately 
after  evacuation,  contains,  on  the  contrary,  an  excess  of  uric  acid  or  urates  ;  that 
of  birds  contains  also  urea,  creatine,  albumin,  &c.  (Meissner).' 

Amongst  the  constituents  of  the  urine  which  do  not  occur  constantly,  which 
are  present  in  minute  quantities,  or  the  presence  of  which  is  doubtful,  are  to  be 
mentioned  the  following:  Alloxan,  allantoine,  taurine, cystine,  leucine,  tyrosine, 


1  Meissner,  Zeiischrift.  f.  rat.  Med.    1868,  pp.  144-223. 
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a  liigher  homologue  of  urea  II^N.OO.OHjOHo.OFTj  (Bauinstark  >),  potassium 
sulphocyauide  (Kiilz),  plienol  (monoxy benzene,  especially  after  vegetable  food 
and  in  the  herbivora  ;  Sttideler  ;  see  below),  pyrocatechiu  (dioxybenzene,  also 
found  chiefly  after  vegetable  food;  Ebsteinand  Miiller,*  Bauinann^;  see  further), 
succinic  acid  (Meissner),  hyposulphurous  acid  (in  carnivora,  Schmiedeberg). 
Free  phenol  is  not  present  in  m-ine,  but  it  is  formed  by  the  action  of  acids  upon 
a  more  complex  body  (Baliginsky)  ;  this  substance  may  be  phenyl-sulphonic  acid 
(OgHj.O.SOa.OH),  and  similarly  pyrocatechiu  may  in  part  _be_  combined  (Bau- 
manu).  It  has  even  been  lately  sui-mised,  in  reference  to  indican,  that  it  is  no 
glucoside,  but  a  conjugate  sulpho-acid  (Baumann). 

Many  substances  ingested  with  the  food,  or  taken  as  drugs, 
reappear  partly  unaltered  in  the  urine,  e.  g.  most  metallic  salts, 
alkaloids,  coloming  matters.  Other  bodies  appear  in  a  more  oxi- 
dized form ;  especially  is  this  the  case  with  the  alkaline  salts  of  many 
organic  acids  (lactic,  succinic,  acetic,  citric,  and  malic  acids),  which 
appear  as  alkaline  carbonates  and  render  the  urine  alkaline  (Woliler^); 
similarly  benzol  appears  as  phenol  (Schultzen  and  Naunyn),  indol 
as  indican  (Jaffe^),  uric  acid  in  part  as  allantoin  (Salkowski). 
Substances  which  are  capable  of  complete  oxidation  do  not  cause 
the  appearance  of  special  constituents  in  the  mine.  Many  sub- 
stances combine  in  their  passage  thi-ough  the  organism  with  pro- 
ducts of  tissue  changes  (water  being  eliminated  in  the  process),  and 
the  resulting  compounds  appear  in  the  mine  ;  such  compounds  are 
formed  in  the  cases  of  glycine,  carbamic  acid,  sulphmic  acid, 
perhaps  also  cyanic  acid.  The  most  important  fact  of  the  kind 
with  which  we  are  acquainted  is  the  passage  of  ingested  benzoic 
acid  into  the  mine  as  glyco-benzoic  acid  (hippuric  acid)  (Wohler  ^). 

The  following  bodies,  like  benzoic  acid,  reappear  in  the  urine  as  hippuric 
acid :  benzylaldehyde  (oil  of  bitter  almonds),  cinnamic  acid  (phenylacrylic  acid 
OgHgOj),  chinic  acid  (O^H^^Og) ;  on  the  other  hand  gallic  acid  (O^HgOg),  which 
is  so  closely  allied  to  the  last-named  bodies,  passes  uncorabined  into  the  urine, 
and  an  anhydride  of  this  body,  viz.  tannic  acid  (O^HjoOg)  appears  in  the  urine, 
after  undergoing  hydrolytic  decomposition,  as  gallic  acid  (Oj^Hj^Og  +  HjO  = 
20,11505).  Substituted  benzoic  acids,  e.g.  chlorobenzoic  acid,  nitro benzoic  acid, 
salicylic  acid  (one  of  the  oxybenzoic  acids),  anisic  acid  (a  methyloxy benzoic 
acid),  form  corresponding  substituted  hippuric  acids  (chlorohippiu-ic  acid, 
8alicyliu"ic  acid,  anisiuric  acid,  see  p.  41). 

The  hippiuic  acid  in  the  urine  of  vegetable-feeders  is  formed  most  probably 
out  of  some  vegetable  substance  resembling  benzoic  acid  taken  into  the  body  as 
food  ;  the  glycocine  necessary  for  its  formation  is  derived  from  the  liver  (Kiihne 
and  Hallwachs  ').  The  vegetable  substance  is  probably  the  cuticular  substance 
of  plants  which  appears  most  to  resemble  chinovic  acid  in  composition  (Meissner 


1  Baumstark,  '  Ueber  eine  neue  Verbindung  aus  dem  Harne.'  Liehig's  Anna!.  Vol 
clxxiii.  pp.  342-365. 

2  Ebstein  u.  Muller,  '  Vorkommen  von  Brenzcatecbin  iin  Urin  eines  Kindes.'  Archiv. 
f.  Anut.  u.  rhjsiol.  Vol.  Ixiii.  pp.  ,554-561. 

2  Baumann,  '  Ueber  das  Vorkoinmea  von  Brenzcatecbin  im  Harne.'  Ffliiger's  Archiv 
Vol.  xii.  pp.  63-08. 

*  Wohler,  Tiedemann's  Zeitschrift  fur  Pliysinlogte.    Vol.  i.  p.  305. 
JafK,  '  Ueber  den  Ursprung  des  Indicans  im  Harne.*    Centralbl.  f.  d.  med.  Wissen- 
schaft    1872,  No.  1. 

»  Wohler,  Tiedemann's  Zeiischr.fiir  Physiol.    Vol.  i.  p.  305. 
'  KUhne  u.  Hallwachs,  Virchow's  Archiv.    Vol.  xii. 
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ana  Shepard ')  ;  for  those  portions  of  plants  which  possess  no  cuticular  suhstance 
{e.g.  underground  portions,  huskless  grains  of  corn)  yield  no  hippuric  acid. 

In  opposition  to  this  surmise  it  is,  however,  alleged  that  hay  treated  with 
diluted  sulphuric  acid  yields  no  hippuric  acid  (Weiske).  It  is  possible  that 
other  bodies  similarly  distributed,  and  allied  to  benzol,  are  the  sources  of  hip- 
puric acid  (Nencki). 

With  carbamic  acid  (p.  30)  the  following  bodies  are  said  to  unite  :  sarcosine 
(Schultzen  ^ ;  this  is,  however,  denied  by  others)  and  taurine  (Salkowslri  •'). 
Both  these  bodies  are  said  to  unite  themselves  also  with  the  perfectly  analogous 
sulphamic  acid  (NHj.SOj.OH)  ;  there  are  formed  in  this  way,  sarcosincarhamic 
acid  or  methylhydantoic  acid  (O^HgN^Oj),  sarcosinsulphamic  acid  (OjHgN^SO^), 
taurocarbamic  acid  (OjHgN^SO^). 

H,N-00-N<gg3_^0_0H  H,N-SO,-N<gg^_00_oH 

Sorcosincarbamio  acid,  or  methylhydantoic  acid.  Sarcoeinsnlphamic  acid. 

HjN— 00— NH— OH2  -SO2— OH. 

Taurocarbamic  acid. 

It  is  stated  that  other  bodies,  such  as  phenol,  pyi'ocatechin,  oil  of  turpentine, 
form  conjugated  compounds  with  sulphuric  acid,  which  have  been  already 
referred  to  (Baumann  *)  ;  the  formation  of  indican  from  indol  is  looked  upon  as 
a  process  of  the  same  kind  (refer  to  what  was  stated  previously).  As  carbamic 
acid  has  not  been  determined  with  certainty  to  exist  in  the  organism  [see 
page  36],  we  may  consider  cyanic  acid  (ON.OH)  to  be  the  body  which  con- 
jugates itself  in  the  above-mentioned  cases ;  cyanic  acid  only  differs  from  car- 
bamic acid  by  containing  HjO  less,  and  at  any  rate  it  yields  artificially  with 
sarcosine  and  taurine  methylhydantoin  and  taurocarbamic  acid  (Baimiann,* 
Salkowskifi). 

When  glycine  and  leucine  are  taken  into  the  system  they  appear  as  urea  in 
the  urine  (Schidtzeu  and  Nencki ') ;  this  is  not  the  case  with  tyrosine  (Kiissner) ; 
ammoniacal  salts  and  amides,  e.g.  aspartic  acid  and  asparagin,  form  urea 
(v.  Knieriem®)  ;  even  these  processes  may  be  looked  upon  as  conjugations  with 
carbamic  or  cyanic  acids ;  in  favour  of  such  hypothesis  is  the  fact  that  when 
these  bodies  are  introduced  into  the  organism  the  rate  of  decomposition  of  the 
proteids  of  the  body  increases  (Salkowski^). 

The  colour  of  urine  varies  with  its  state  of  concentration :  it  is 
darkest  in  the  concentrated  morning-urine  ('urina  sanguinis'), 
and  lightest  in  that  passed  after  the  plentiful  ingestion  of  fluids 
('  urina  potus ').    The  acid  reaction  results  for  the  most  part  from 

1  Meissner  u.  Shepherd,  Zeitschr.  f.  rat.  Medizin. 

2  Schiiltzen,  '  Entstehunc  des  Harnstoffs  im  Thierkorper.'  Ber.  d.  deutsch.  CJiem. 
Gesellsch.    Berlin,  1872,  p.  578.  ,     .    „  ^  -        o  .    d      ^    ,   .  / 

3  Salkowski  '  Ueber  die  Taurocarbaminsiiure  und  deren  byntheae.'  Ber.  a.  deutsch. 
Chem.  Ge!<ellisch'.    Berlin,  187.8,  vol.  vi.  pp.  744,  1312  and  1191. 

*  Baumanu,  Pfliiger's  Archiv.    Vol.  xii.  p.  69  ;  vol.  xni.  p.  285. 

5  Baumann  und  Hoppe-Seyler,  'Ueber  Methyl-hydantoinsaure.'  Ber.  d.  d.  Chem. 
Gesellsch    Vol.  vii.  p.  34. 

6  Salkowski,  '  Einwirkunff  von  Kaliumcyanat  auf  Tarkosin  (Methylhydantoinsiiure).' 
Ber.  d.  d.  Chein.  Ges.    Vol.  vii.  p  116. 

7  Schultzen  u.  Nencki,  Zeitschr./.  Bwlop.    Vol  vm.  p.  1.38.         ,  ^   .  .  ^ 

8  V  Knieriem,  'Beitriigezur  Kcnntniss  der  Bildung  des  Harnstoffs  im  thienschen 
Orgnnismus.'    Zeitschr.  f.  Biol.  1S74,  vol.  ^.  VV  _. 

9  Salkowski  '  Ueber  die  Vorgang  der  Harnstoft bildung  ira  Thierkoi-p3r  nnd  den  Em- 
flus.s  der  Ammoniaksalze  auf  dcnselben.'  Zeitschr.  f.  physiolngische  Chemie.  1877,  vol.  i. 
nn'  l-^g  See  also  Schmiedeberg,  '  Ueber  das  Verlialtniss  des  Aramoniaks  und  der  pri- 
miiren  Monaminbasen  zur  Harnstoffbilduiig  im  Thierkorper.'  Archiv.  f.  exp.  Path. 
H.  Pharmakol.  1877. 
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the  contained  acid  sodium  phosphate  (Liebig).  That  urine  con- 
tains no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipitate 
on  the  addition  of  sodium  hyposulphite  (Huppert).  Sometimes 
normal  urine  is  alkaline,  namely,  after  caustic  alkalis,  or  alkaline 
carbonates,  or  salts  of  vegetable  acids  have  been  taken  into  the 
stomach.  (The  latter,  viz.  the  salts  of  the  vegetable  acids,  having 
undergone  oxidation,  appear  in  the  urine  as  carbonates,  which  have 
an  alkaline  reaction,  Wohler.') 

On  standing,  mine  forms  gradually  a  precipitate  of  acid  urates 
or  free  uric  acid.  Simple  cooling  cannot  be  the  cause  of  this,  for, 
on  again  heating  to  the  temperature  of  the  body,  the  sediment  is 
not  completely  redissolved.  We  must,  therefore,  suppose  an  acid- 
formation  to  take  place,  by  a  species  of  fermentation,  due  probably 
to  the  influence  of  the  mucus  which  is  present  ('  acid  fermentation,' 
Scherer).  After  some  time  (which  is  shorter  the  higher  the  tem- 
perature) decomposition  sets  in,  owing  to  the  organic  germs  which 
the  urine  receives  from  the  atmosphere  ;  in  this  process  urea  is 
converted  into  ammonium  carbonate,  the  reaction  becomes  alkaline 
('alkaline  fermentation  '),  a  putrefactive  odour  appears,  and  preci- 
pitates of  ammonium  urate,  ammonio-magnesium  phosphate,  &c., 
are  formed,  with  the  development  of  fungi  and  infusorians.  It  has 
lately  been  questioned  whether  the  ferment  which  leads  to  the 
alkaline  fermentation  is  an  organised  ferment. 

[Inasmuch  as  the  percentage  composition  of  the  urine  is  continually  being 
aifected  by  the  very  varying  state  of  activity  of  other  organs,  by  the  amount  of 
food  which  is  being  taken,  &c.,  it  is  impossible  to  give  more  than  a  very  ap- 
proximate statement  of  its  average  composition.  The  following  table  (Vogel) 
fairly  enough  represents,  however,  the  composition  of  the  mixed  urine  of  twenty- 
four  hours  of  an  average  man  : — 

Specific  gravity,  1020. 


Water  in  1000  parts   960 

Solid  residue   40 

Urea   23-3 

Uric  acid         .......  0-5 

Sodium  chloride   11-0 

Phosphoric  anhydride   2-3 

Earthy  phosphates    0*8 

Sulphuric  anhydride        .       .       .       .       .  1-3 

Ammonia   0  4] 


Secretion. 

The  secreting  apparatus  of  the  kidneys  (for  a  more  detailed 
account  of  the  structme  of  which  refer  to  'Manuals  of  Histology ' ) 
consists  of  the  tubuli  uriniferi  and  the  vessels  connected  with 
them.  Every  uriniferous  tube  ends  in  the  cortical  portion  of  the 
kidney  in  a  globular  dilatation  called  a  capsule  or  Malpighian 
body,  containing  a  glomerulus.    The  glomerulus  is  a  small  coil  of 

1  Wbhlcr,  loc.  cit.  p.  147. 
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vessels,  produced  by  the  branching  and  re-uniting  of  the  finest 
twigs  of  the  renal  artery  (vas  aflferens).  The  vessel  formed  by  the 
reunion  of  the  branches  of  the  glomerulus  (vas  efferens),  on 
emerging  from  the  Malpighian  body,  again  divides  into  true  capil- 
laries, which  intertwine  with  the  tubuli  uriniferi,  especially  with 
their  convoluted  commencements,  and  finally  unite  with  the  initial 
branches  of  the  renal  vein. 

As  the  blood  in  the  glomeruli  is  subjected  to  a  high  pressure 
on  account  of  the  resistance  of  the  second  capillary  system  in  front, 
a  free  filtration  into  the  capsule  must  take  place.  Water  and 
those  constituents  of  the  blood  which  form  true  solutions  (salts, 
urea,  sugar,  &c.)  will,  therefore,  pass  into  the  tubuli  uriniferi. 
Albumin,  and  substances  which  do  not  form  true  solutions,  do  not 
filter  through,  except  under  an  abnormally  increased  pressiire. 
The  very  dilute  solution  thus  formed  now  comes  into  proximity, 
at  the  walls  of  the  tubuli  uriniferi,  with  the  blood  which  it  has 
just  left,  and  which  is  in  a  concentrated  state  owing  to  the  loss 
of  water;  diffusion  must  result  (Ludwig'),  leading  to  a  return  of 
water  into  the  blood,  and  to  a  consequent  concentration  of  the 
urine.  Besides  these  physical  processes,  other  causes  seem  to  co- 
operate in  the  formation  of  urine.  Many  circumstances  lead 
us  to  suppose  that  the  glandular  cells  (epithelium)  especially 
assist ;  pathological  degeneration  of  the  epithelial  cells,  for  ex- 
ample, interferes  with  secretion ;  and,  in  birds,  uric  acid  deposits 
are  seen  to  originate  within  the  cells,  the  disintegration  of  which 
seems  necessary  before  the  deposits  can  become  free  ;  the  same 
is  observed  in  mammalia  after  the  injection  of  sodium  urate 
(v.  Wittich,  Meissner);  but  the  most  important  fact  is,  that  after 
the  injection  of  certain  substances  into  the  vessels  only  the  epi- 
thelia  of  the  convoluted  tubules  are  coloured  by  them,  whilst 
the  capsules  and  the  straight  tubules  are  free ;  the  former,  i.e. 
the  cells  of  the  convoluted  tubulus,  must  therefore  exert  an  attrac- 
tion for  certain  substances  contained  in  the  blood;  presumably 
they  also  exert  such  an  attraction  for  the  specific  constituents  of 
the  urine ;  the  capsules  only  furnish  the  fluid  which  washes  these 
substances  out  of  these  cells.  If  the  capsules  are  destroyed  by 
caustic,  the  colouring  matter  remains  in  the  convoluted  tubules. 
A  similar  occurrence  follows  when,  the  spinal  cord  having  been 
divided  high  up,  as  a  result  of  the  lowered  blood  pressm-e,  the  fil- 
tration in  the  glomeruli  diminishes  (Heidenhain  2). 

/^s  tlae  branches  of  the  vas  afferens  lie  at  the  periphery  of  the  glomerulus, 
while  the  vas  etferens  proceeds  from  its  centre,  the  flow  of  blood  fi'om  the  former 
into  the  latter  is  rendered  easy.  Any  tendency  to  a  retmii  of  the  blood  would, 
however,  be  hindered ;  for  an  increase  of  pressm-e  in  the  bmnches  of  the  vas 


1  Ludwig,  '  Harnnbsonderung,'  in  Wagner's  Handw'orterhuch  der  Physiologie. 
*  Heidenliain,  Archiv.f.  viikr.  Anat.  vol.  x.  1. 
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efferens  must  force  the  branches  of  the  vas  afferens  against  the  walls  of  the  cap- 
sule and  close  them  (Ludwig 

Many  authors  assiune  that  a  formation  of  urea,  uric  acid,  &c.,  from  less 
oxidized  todies  takes  place  within  the  Iddnej's  (Hoppe-Seyler  and  Oppler, 
Hoppe-Seyler  and  Zalesky'^).  The  facts,  however,  upon  which  this  theory  is 
based,  are  doubted  or  otherwise  explained  by  others  (Meissner,^  Voit  '). 

The  following  are  the  points  which  are  chiefly  debated:  (1.)  The  simple 
question  whether  the  blood  of  the  renal  artery  contains  more  urea  than  that  of 
the  renal  vein  (Picard  *),  appears  to  have  been  recently  settled  in  the  affirmative 
(Gr^hant ")  ;  this  difierence  disappears  after  ligaturing  the  ureters.  (2.)  Accord- 
ing to  some  observers  (Bernard''  and  Barreswil,  Oppler,  Zalesky),  after  extir- 
pation of  the  kidneys  or  ligature  of  the  renal  vessels,  no  accumulation  of  urea 
takes  place  in  the  blood ;  while  others  (Meissner,  Voit,  Grehant)  maintain  that 
such  an  accumulation  may  be  detected,  some  even  affirming  that  it  varies  in 
amoimt  according  to  the  time  (Gr(5hant).  If  the  former  account  be  correct,  it 
is  still  no  proof  of  the  formation  of  urea  in  the  kidneys;  for,  after  the  operation, 
fluids  containing  urea  and  ammonia  are  vicariously  secreted  by  the  stomach  and 
intestine,  and  are  got  rid  of  by  vomiting  (Bernard  and  Barreswil).  Moreover, 
the  animals  die  for  the  most  part  so  quicldy  (of  so-called  '  uraemia,'  whatever 
that  may  be — whether  the  retention  in  the  body  of  some  poisonous  substance,  or 
simply  of  water),  that  no  considerable  accumulation  of  m-ea  is  possible,  such, 
e.g.  as  that  which  follows  simple  Ugature  of  the  ureters.  Extirpation  of  one 
kidney  does  not  diminish  the  amount  of  urea  excreted  (Rosenstein).  (3.)  The 
presence  in  the  kidneys  of  characteristic  bodies  which  do  not  pass  into  the  urine 
{e.g.  cystine,  taurine),  certainly  indicates  the  occurrence  of  processes  of  change 
in  the  kidneys  ;  but  it  does  not  directly  prove  the  formation  of  urea  or  uric  acid 
there.  (4.)  The  accumulation  of  creatine,  creatinine,  &c.,  in  many  organs  (in 
blood,  muscles),  after  extirpation  of  the  kidneys  (Oppler,  Zalesky),  is  explained 
by  the  supposition  that  urea  is  normally  derived  from  them  in  the  kidneys. 
Creatine,  again,  is  said  to  undergo  conversion  into  urea  on  digestion  with  tri- 
turated kidney  substance  (Saubotin).  As,  however,  creatine  and  creatinine, 
when  administered,  reappear,  as  a  rule,  in  the  m-ine,  imaltered,  and  not  as  urea 
(Meissner,  Voit),  it  woiild  seem  that  these  substances  are  not  in  general  the 
source  of  the  urea.  In  the  present  state  of  our  knowledge,  therefore,  we  must 
incline  to  the  belief  that  urea  and  uric  acid  are  separated  from  the  blood  and  not 
formed  in  the  kidneys. 

In  birds  and  serpents  ligature  of  the  ureters  is  followed  by  an  evident  accu- 
mulation of  uric  acid  all  over  the  body.  After  extirpation  of  the  kidneys  in 
serpents,  there  occur  merely  local  deposits  of  uric  acid  (Zalesky)  which  lead  to 
no  decided  effect.  In  birds,  in  consequence  of  the  situation  of  the  kidneys,  they 
cannot  be  extirpated  without  killing  the  animal. 

As  the  urinary  constituents  already  pre-exist  in  the  blood,  the  question  of 
the  source  whence  they  are  derived  remains  to  be  considered  in  Ohapters  VI. 
and  Vn. 

Besides  the  above-mentioned  circumstances  aifecting  the  secre- 
tion of  urine,  the  following  conditions  influence  the  amount  secreted 
in  a  given  time,  and  the  substances  contained:  1.  The  quantity 
of  urine  depends  (a)  upon  the  intensity  of  the  blood-pressure  in 
the  glomeruli;  {h)  upon  the  amount  of  materials  of  an  easily 

'  Ludwig,  Inc.  cit. 

2  Ziilesky,  Vhtr  den  Urcimischen  Prncesn,  Tubingen  1866,  Centralblatt,  1865,  p.  202. 
5  Meissner,  Zeitsclirlft.  f.  rat.  Med.  vol.  xxxi.  pp.  144-223. 
■*  Voit,  Zeitschrift.  f.  Binlngie,  vol.  iv.  pp.  77-162. 

5  Picard,  Sur  la  presence  de  Puree  dana  le  sang,  Thbse  de  Strnsbourg,  185G. 
«  Gre'hant, '  Thbse  de  ph3'8iologie  pour  le  doctorat,'  Paris  1870,  Journal  de  CAnaiomie  el 
de  Fhyxml.  par.  Robin  vii.  p.  818. 

'  Bernard,  Legons  sur  les proprietes  des  liquides  de  VOrganisme,  vol.  ii.  p.  .^1. 
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diffusible  nature  (water,  salts,  &c.)  contained  in  the  blood.  This 
is  evident,  for  the  greater  the  blood-pressure  the  larger  will  be 
the  amount  filtered  in  a  unit  of  tiuae,  and  the  greater  the  amount 
of  water,  salt,  &c.  in  the  blood  the  less  will  be  the  amount  of  the 
filtered  substances  which  will  re-diffuse  into  the  blood  vessels  from 
the  tubuli  uriniferi ;  and,  therefore,  the  greater  will  be  in  both 
cases  the  quantity  of  urine  secreted.    Among  the  circumstances 
which  raise  the  blood-pressure  in  the  glomeruli  must  be  reckoned: 
1.  Kise  of  blood-pressure  all  over  the  body,  as  when  the  distension 
of  the  vascular  system  is  increased  {e.g.  by  a  free  ingestion  of 
water,  which  is  quickly  absorbed) ;  2.  Increased  tension  of  the 
arterial  system  alone,  produced  by  excessive  activity  of  the  heart ; 
3.  Increased  tension  in  the  renal  arteries,  produced,  for  example, 
by  ligaturing  other  great  arteries  ;  or  simply  in  the  glomeruli 
owing  to  a  vaso-motor  dilatation  of  the  vasa  afferentia ;  4.  Pre- 
vention of  the  free  outflow  of  blood  from  the  glomeruli  through 
the  veins  {e.g.  by  the  morbid  contraction  of  the  capillaries,  or  the 
ligature  of  the  renal  veins).   Any  very  decided  increase  of  pressure, 
especially  when  produced  by  the  4th  of  the  above  methods,  causes, 
in  addition,  a  filtration  of  the  less  diffusible  portions  of  the  blood 
— albumin,  fibrinogen — into  the  urine;  and  an  increase  above  a 
certain  limit  leads  to  the  appearance  in  it  of  blood  (blood  cor- 
puscles), owing  to  the  rupture  of  the  vessels,  or,  perhaps,  to  dia- 
pedesis.    Circumstances  of  a  nature  opposite  to  those  we  have 
mentioned  above — especially,  therefore,  diminished  tension  of  the 
arterial  system,  occasioned,  for  example,  by  diminished  cardiac 
activity  (heart  diseases) — must  cause  the  amount  of  urine  secreted 
to  diminish.    Among  the  substances  of  an  easily  diffusible  nature 
referred  to  above,  the  water  contained  in  the  blood  will  have  the 
greatest  influence  upon  the  amount  of  the  urinary  secretion ;  as  a 
fact,  the  quantity  secreted  depends  chiefly  upon  it,  and  therefore, 
as  is  explained  above,  upon  the  water  ingested.    The  amount  of 
each  individual  constituent  of  the  urine  depends  (a)  upon  the 
amount  of  it  previously  contained  in  the  blood,  and  possibly  also 
(6)  upon  the  oxidizing  power  of  the  kidneys.    The  following  may 
be  increased  :  1.  The  water  by  ingestion  (drinking),  and  by  dimin- 
ishing secretion  in  other  ways,  as  by  perspiring  and  expiring  under 
a  low  temperature.    2.  The  salts,  by  an  increased  use  of  salts  in 
food  (certain  salts  which  are  formed  in  the  body  by  oxidation,  of 
course  increase  with  the  extent  of  oxidation).    3.  The  sugar,  by 
an  increased  formation  of  sugar  in  the  liver,  or  by  a  diminished 
destruction  of  what  is  formed  (Chapter  V.)    4.  The  products  of 
the  oxidation  of  nitrogenous  bodies  (considered  as  a  whole  and  not 
as  individual  bodies — urea,  uric  acid,  creatinine,  &c.),  by  an  in- 
crease in  the  amount  of  the  nitrogenous  foods,  such  as  flesh,  eggs, 
&c.,  which  are  assimilated ;  and  also  by  an  increased  destruction 
of  substances  in  the  body  containing  nitrogen  (as  in  excessive 
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nervous  activity,  abnormally  high  temperatures,  fever,  &c.,  Chap- 
ter VI.)  5.  The  carbonic  acid,  by  an  increase  in  the  number  of 
operations,  especially  of  muscular  movements  (Morin),  which 
generate  carbonic  acid  in  the  body. 

Prom  what  has  been  said  above  it  is  easy  to  form  an  idea  of  the  circum- 
stances -which  increase  the  quantity  of  urea  excreted  in  a  given  time.  They 
are  (1)  general  increase  in  the  urinary  secretion,  from  whatever  cause  resulting  ; 
(2)  free  ingestion  of  animal  food ;  (3)  increased  consumption  in  the  body  of 
nitrogenous  material  (see  Chapter  VII.  and  Chapter  VIII.) ;  and  (which  is 
doubtful)  (4)  increased  power  of  oxidation  on  the  part  of  the  Iddneys  (?) 

Besides  the  substances  we  have  mentioned,  there  may  be  detected  in  the 
m'ine,  after  certain  foreign  bodies  have  been  taken  into  the  system,  either  those 
bodies  themselves  or  some  oxidized  modification  of  them.  The  urinary  secretion 
bidngs  about  a  constant  elimination  of  them  from  the  body.  In  the  case  of 
poisonous  substances,  if  elimination  takes  place  as  quickly  as  introduction  into 
the  blood,  e.g.  when  absorption  is  taking  place  from  the  stomach,  a  complete 
immunity  from  danger  may  result.  Certain  easily  diffusible  poisons,  therefore, 
such  as  ciu'are,  are  harmless  when  talien  into  the  stomach  during  a  constant 
secretion  of  ui-ine.  When  injected  directly  into  the  blood,  or  when  quickly 
absorbed  (as  in  subcutaneous  injections),  or  if  the  activity  of  the  kidneys  is 
interfered  with  by  ligature  of  the  renal  vessels  (Bernard,  Hermann),  they  act 
at  once  as  poisons.  As  it  is  possible  that  we  frequently  take  into  the  body 
along  with  food  many  harmful  substances  of  this  nature,  their  elimination  by  the 
kidneys  is  a  further  important  function  of  those  organs. 

The  quantity  of  urine  excreted  in  twenty-four  hours  varies  in 
adults  (chiefly  on  account  of  the  fluid  ingested),  between  1,000 
and  2,000  grammes ;  the  amount  of  urea  is  on  the  average  30 
grammes,  of  uric  acid  1  gramme,  and  of  hippuric  acid  1-2 
grammes. 

That  the  nervous  system  has  some  influence  upon  the  secretion 
of  the  kidneys,  is  proved  by  the  changes  which  take  place  in  the 
urine  referable  to  emotions  and  to  nervous  diseases.  From  the 
statements  we  possess  respecting  the  nature  of  this  influence,  but 
which  are  not  very  exact  (Bernard,^  Eckhard,^  Knoll,^  Ustimo- 
witsch ''),  it  would  seem  to  be  chiefly  vaso-motor.  Section  of  the 
nerves  accompanying  the  renal  vessels,  as  also  of  the  splanchnics 
and  of  the  cord,  as  well  as  lesion  of  a  certain  portion  of  the  fourth 
ventricle  of  the  brain,  increase  the  secretion  as  a  rule.  At  the 
same  time  the  renal  veins  pulsate,  the  blood  in  them  usually  be- 
coming bright  carmine-red  in  colour,  on  account  of  the  rapid 
flow  from  the  arteries.  Irritation  of  the  splanchnics  diminishes 
the  secretion  and  the  rapidity  of  the  blood- stream  through  the 
kidneys. 

_  Irritation  of  the  vagus,  on  the  other  hand,  is  said  to  have  an  opposite  effect, 
viz.,  to  increase  the  secretion  and  the  rapidity  of  the  blood-stream  (Bernard) ; 
and  therefore,  like  the  fibres  of  the  facial  to  the  salivary  glands  (p.  131),  to 


Bernard,  Legnns  sur  les  prop,  des  liq.  de  VOrganiame,  vol.  ii.  p.  159. 

Eckhard,  Beitriige,  vol.  vi.  pt.  1.  p.  22. 
3  Kridll,  Evhlianrs  Beitrdqe,  vol.  vi.  pt.  I,  p.  22. 
*  Ustitiiowitsch,  Ludwig's  Arbeiten,  1870,  p.  198. 
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dilate  the  arteries.  The  result  of  section  of  vaso-motor  nerves  is  the  less  certain 
the  greater  the  number  of  fibres  severed.  If,  for  example,  the  splanchnics  or 
the  upper  part  of  the  spinal  cord  he  cut  through,  the  general  arterial  pressure 
sinks  to  such  an  extent  that  the  dilatation  of  the  renal  arteries  is  more  than 
balanced.  After  section  of  the  renal  nerves  the  gland  undergoes  change,  and 
the  urine  secreted  becomes  albuminous  (Krimer,  Brachet,  Miiller,  and  Peipers). 
Irritation  of  the  skin  and  mucous  membrane  of  various  kinds  causes  the  uruie  to 
become  albuminous  ;  this  occurrence  cannot  yet  be  explained. 

Discharge. 

The  urine  after  secretion  passes  out  of  the  convoluted  into  the 
straight  uriniferous  tubes  which  unite  several  times  at  acute  angles 
one  with  another,  and  open,  at  the  surface  of  the  renal  papillae, 
into  the  calyx  or  pelvis  of  the  kidney.  In  all  these  situations 
urine  is  constantly  found  ;  a  return  of  the  secretion  from  the  pelvis 
into  the  tubuli  is  impossible,  as  any  increase  of  pressure  in  the 
former  closes  the  openings  of  the  latter.  From  the  pelves  of  the 
two  kidneys  the  urine  passes  through  the  ureters  (one  to  each 
kidney)  into  a  reservoir — the  urinary  bladder.  The  passage 
through  the  ureters  may  be  accounted  for  by  (1)  the  pressure 
exerted  by  the  continually  secreted  mine ;  (2)  the  weight  of  the 
contained  secretion  (for  the  bladder  is,  in  almost  every  position  of 
the  body,  lower  than  the  kidneys) ;  (3)  peristaltic  contraction  of 
the  muscles  of  the  ureters,  which,  it  would  seem,  propels  every 
drop  of  the  fluid  reaching  the  ureters  by  continually  closing  the 
lumen  of  the  tube  behind  it. 

The  urine  collects  in  the  bladder  (which,  when  empty,  is  col- 
lapsed in  folds),  imtil  it  completely  fills  out  the  walls  of  that 
organ ;  every  further  addition  then  causes  an  abnormal  distension. 
The  return  of  the  urine  into  the  ureters  is  prevented  by  the  pecu- 
liar arrangement  of  their  openings,  which  traverse  the  walls  of  the 
bladder  very  obliquely,  in  such  a  manner  that  pressure  from  within 
closes  the  channel  entirely.  The  passage  of  the  stored-up  secre- 
tion into  the  urethra  is  controlled  by  a  ring  of  elastic  fibres  ;  and, 
in  males,  by  the  elasticity  of  the  prostate  also.  As  soon  as  the 
pressure  of  the  urine  overcomes  the  elasticity  of  those  structmes, 
and  a  drop  of  urine  trickles  into  the  urethra,  an  impulse  to  mic- 
turition is  felt ;  whereupon  either  the  closure  of  the  neck  of  the 
bladder  is  rendered  firmer  by  the  voluntary  contraction  of  the 
urethral  muscles  (Budge),  or  a  voluntary  evacuation  of  the  con- 
tents of  the  bladder  is  commenced.  The  latter  is  accomplished  by 
the  contraction  of  the  muscular  walls  of  the  bladder  which  proceeds 
gradually  until  the  lumen  of  the  bladder  is  completely  obliterated, 
and  the  whole  of  the  contents  are  expelled.  The  urethra  itself  is 
next  emptied  by  means  of  the  muscles  siu-rounding  it  (especially 
by  the  bulbo-cavernous  muscle).  The  evacuation  of  the  contents 
of  the  bladder  is  assisted  by  abdominal  pressure  (Chapter  IV.) 
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During  its  stay  in  the  Madder  the  urine  is  said  by  some  to  lose  a  portion  of 
its  water  by  absorption  (Kaiipp) ;  while  others,  on  the  contrary,  maintain  that 
it  receives  a  fm-ther  addition  of  water  from  the  blood,  at  the  same  time  yielding 
up  to  the  latter  some  of  its  urea  (Treskin)  ;  and  a  third  set  of  obsei-vers  deny 
that  any  difi'usion  whatever  takes  place,  as  the  bladder  is  unable  to  absorb  solu- 
tions of  salts  so  long  as  its  epithelium  is  intact  (Kiiss,  Susini).  Mucus  from 
the  numerous  mucous  glands  is  mixed  with  the  mine  both  in  the  bladder  and  in 
the  urethi-a. 

The  peristaltic  movements  of  the  m'eter  are  reflex  in  their  character,  as  they 
only  occur  on  stimulation  of  the  ureter  by  the  urine  forced  into  it,  or  on  arti- 
ficial irritation :  they  proceed  in  the  direction  of  the  bladder  with  a  rapidity 
in  rabbits  of  20  to  30"""  per  second  (Engelmann  ^).  Each  individual  irritation 
of  the  ureter  produces  a  wave  of  contraction  on  both  sides  of  the  point  of  irrita- 
tion ;  as  this  may  take  place  in  portions  of  the  ureter  containing  no  ganglia  or 
nerves,  the  wave  of  movement  would  seem  to  be  continued  by  simple  muscular 
conduction.  The  spontaneous  movement  of  the  m'eter  has  been  recently  regarded 
as  a  case  of  automatic  contraction  of  muscle  (Chapter  VIII.)  (Engelmann). 

The  above  theory  of  the  closure  of  the  bladder  is  disputed  by  some,  who 
suppose  that  it  is  produced  by  a  sphincter,  kept  constantly  in  a  condition  of 
contraction  (tonus)  by  the  nervous  system  (Heidenhain  and  Oolberg,'^  Sauer, 
Rosenplatner,  Kupressow  ^).  The  presence  of  this  sphincter  in  man  is  denied  by 
some  (Barkow),  but  maintained  by  others  (Heidenhain)  ;  while  the  existence 
of  a  constant  tonus  has  been  disputed  on  experimental  grounds  (L.  Rosenthal  ^ 
and  von  Wittich*). 

The  nerves  of  the  muscles  of  the  bladder,  according  to  some,  may  be  traced 
into  the  cord  (lower  portion,  Budge  ^),  and  even  into  the  brain  (Kiiian,  Valen- 
tin). They  can  be  brought  into  reflex  action  very  easily  by  stimulations  origin- 
atmg  in  the  mucous  membrane  of  the  bladder  and  in  the  bulbus  urethrse. 
Over-distension  of  the  bladder,  therefore,  causes  involuntary  evacuation  of  its 
contents. 

In  cases  of  degeneration  of  the  spinal  cord,  retention  of  urine  often  occurs 
from  paralysis  of  the  detrusor,  and  incontinence  of  mine  from  paralysis  of  the 
sphincter. 

4.  Cutaneous  Sbcrktions. 
Concerning  the  respiratory  functions  of  the  skin,  see  Chapter  IV. 

1.  Sweat. 

Sweat  is  the  secretion  of  the  numerous  tubular  sweat-glands  of 
the  skin,  the  inner,  blind  extremities  of  which  are  coiled  up, 
and  lie  for  the  most  part  in  the  corium,  but  sometimes  in  the 
subcutaneous  layer  of  connective  tissue,  while  their  outer,  free 
extremities  open  at  the  surface  as  the  pores  of  the  skin. 

The  sudoriparous  secretion  conveys  out  of  the  body  the  same  excretory 
matters,  generally  speaking,  as  the  urine,  from  which  it  is  chiefly  distinguished 
by  the  facts  that  it  is  not  constantly  secreted,  and  that  it  is  poured  out  over  the 
whole  skin,  and  is  of  further  use  to  the  organism  as  a  regulator  of  temperature. 
(The  sweat-glands,  therefore,  bear  the  same  morphological  relationship  to  the 

*  Engelmann,  Pfliiger's  Archiv,  vol.  ii.  p.  243. 

2  Heidenhain  u.  Colbcrg,  Archiv  f.  Anal  u.  P/ii/s.  1854. 

5  L.  Rosenthal,  De  torn  musculnrium  imprimis  tiphincterum,  Konigsberg,  1857 

<  V.  Wittich,  Virchow's  Archiv,  vol.  x.       5  Budge,  Virchow's  Archiv,  vol.  k  n  30S 

«  KuprcBSow,  Pfiiiger's  Archiv  \oL  v.  p.  291,  ' ' 
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kidneys  as  tlie  mucous  glands  to  the  salivary  glands,  the  glands  of  Branner  to 
the  pancreas,  or  the  sebaceous  glands  to  the  milk-glands.) 

Sweat  in  large  quantities  may  be  obtained  by  supporting  the  body  on  an 
inclined  grooved  plate  of  metal  and  submitting  it  to  a  vapour  bath ;  or  by 
covering  portions  of  the  body  with  air-t'ght  bags  connected  with  a  receiver. 
Sweat  so  obtained  is  almost  always  rendered  impure  by  the  presence  of  sebaceous 
secretion  and  epithelium-scales. 

Sweat  is  apparently  a  colourless,  clear,  acid  fluid  of  variable 
odour  according  to  the  part  of  the  skin  whence  it  was  taken.  The 
constituents  of  sweat  are :  1.  Water;  2.  The  usual  salts  ;  3.  Urea 
(and  perhaps  other  products  of  the  oxidation  of  nitrogenous  bodies 
— Favre,  for  instance,  mentioning  an  acid  containing  nitrogen, 
hidrotic  acid);  4.  Traces  of  a  colouring  matter  (Schottin);  5. 
Fats  ;  6.  Various  volatile  fatty  acids  (formic,  acetic,  butyric,  pro- 
prionic  acids,  &c.) 

Fats  predominate  in  the  secretion  of  the  sweat-glands  of  the  external  ear 
(ceruminous  glands)  to  such  an  extent  that  it,  the  cerumen,  resembles  rather  a 
sebaceous  than  a  sudoriparous  secretion.  Sweat  is  easily  decomposed ;  and 
decomposition  may  chiefly  affect  its  fatty  portions,  in  which  case  the  odour  of 
the  volatile  acids  and  the  acid  reaction  increase ;  or  it  may  chiefly  afiect  its 
nitrogenous  portions,  when  ammonia  appears  and  the  secretion  takes  an  alkaline 
reaction. 

The  quantitative  composition  of  sweat  is  about  the  following  (in  1,000 
parts)  :  water  995-6,  lu-ea  0'04,  fats  0*01,  other  organic  matters  1'88,  inorganic 
matters,  2 '5  (Favre). 

Secretion. 

The  secretion  of  sweat  only  takes  place  under  certain  con- 
ditions. It  consists  most  probably  in  part  of  a  process  of  transu- 
dation, and  in  part  of  a  peculiar  activity  of  glandular  cells.  The 
fat  at  least,  contained  in  the  secretion,  originates  in  the  cells  ;  for 
the  latter  contain  fat-globules,  and  in  greater  quantity  the  richer 
the  secretion  is  in  fats  or  fatty  acids.  Secretion  is  promoted  by 
various  circumstances  :  1 .  By  whatever  raises  the  blood-pressure  in 
the  capillaries  of  the  sweat-glands  as,  a,  general  rise  of  blood- 
pressure  {e.g.  after  free  ingestion  of  water)  ;  h,  increase  in  the  tem- 
perature of  the  body,  or  in  the  vicinity  of  the  body,  which  causes 
dilatation  of  the  afferent  arteries  (possibly  byrelaxing  theii'  muscles). 
In  such  circumstances  the  secretion  of  sweat  is  of  special  impor- 
tance ;  for  the  evaporation  of  the  secretion  extracts  heat  from  the 
body  and  cools  it  (Chapter  VII.)  2.  By  increase  in  the  quantity 
of  the  various  constituents  of  sweat  contained  in  the  blood,  and 
especially  of  water.  Liberal  ingestion  of  warm  fluids,  therefore,  in- 
creases perspiration  for  several  reasons.  To  what  extent  the  above- 
mentioned  influences  must  operate  in  order  to  induce  ordinary 
secretion  is  unknown.  The  quantity  secreted,  of  course,  varies 
very  much.  Frequently  no  perspiration  takes  place  for  months ; 
while,  at  other  times,  as  much  as  1600  grammes  and  more  are 
yielded  in  an  hour  (Favre).    Those  portions  of  the  skin  (the  fore- 
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head,  the  axillse,  the  soles  of  the  feet,  and  the  palms  of  the  hand, 
&c.)  which  are  provided  with  many  large  sweat-glands,  yield  the 
richest  supply  of  secretion.  The  value  of  the  sweat  to  the  whole 
organism  is  discussed  in  Chapters  V.  and  VII. 

From  the  well-known  effects  wliicli  the  emotions  exert  upon  the  formation 
of  a  sweat  it  is  clear  that  its  formation  must  be  influenced  by  the  nervous 
EVBtem.  Hitherto  no  one  has  been  able  to  trace  nerves  to  the  sweat-glands. 
Stimulation  of  the  nerve-trunk  of  a  limb  leads  to  a  secretion  of  sweat  over  the 
skin  which  covers  it  (Goltz,»  Kendal  and  Luchsinger  2)  ;  this  is  independent  of 
influences  on  vaso-motor  centres,  seeing  that  the  results  maybe  obtained  on 
separated  limbs.  The  secretion  of  sweat  is,  however,  in  all  probability,  like 
the  secretion  of  saliva,  associated  with  dilatation  of  blood  vessels ;  the  centi-es 
from  the  nerves  of  the  sweat-glands  and  the  paths  which  they  follow  appear  to 
be  the  same  as  those  of  the  vaso-dilatant  nerves  ;  their  centres  may  be  stimu- 
lated by  heat  and  by  such  a  condition  of  the  blood  as  would  induce  dyspnoea 
(Luchsinger  ^).  The  discharge  of  sweat  probably  is  effected  with  the  help  of 
involimtary  muscles  with  which  the  glands  are  provided  (Horschehnann).  As 
is  the  case  with  the  urine,  substances  taken  into  the  body  as  food  may  pass  into 
the  sudoriparous  secretion  unchanged  or  oxidized.  Hippm-ic  acid  is  said  to 
appear  in  the  sweat,  as  weU  as  in  the  lu-ine,  after  ingestion  of  benzoic  acid 
(Meissner).  Indican  also  was  once  detected  in  sweat  (Bizio).  Cystine  is  pre- 
sent in  the  sweat  of  persons  of  the  '  cystiae-diathesis '  (Gamgee). 

2.  Sebaceous  Secretion. 

The  small,  racemose,  sebaceous  glands  of  the  skin  open  nearly 
always  into  hair-follicles  ;  but  the  follicles  are  in  many  places  so 
small  as  to  appear  to  be  simply  lateral  involutions  of  the  excretory 
duct  of  the  gland.  The  chief  constituents  of  the  sebaceous  secre- 
tion are  various  fats,  normally  fluid  at  the  temperature  of  the 
body,  and  cholesterin  ;  in  addition,  there  are  found  small  quantities 
of  the  usual  results  of  transudation  (water,  salts),  and  an  albu- 
minous body.  It  is  supposed  that  in  secretion  the  specific  con- 
stituents (fats)  arise  vsdthin  the  gland-cells,  and  become  free  by 
the  disintegration  of  the  latter.  Possibly  the  liberation  of  the  fat- 
globules  is  due  to  a  process  of  contraction  similar  to  that  which 
takes  place  in  milk.  The  cells  of  the  more  superficial  layers  in 
the  gland-cavity  may  be  seen  to  contain  increasing  quantities  of 
fat  (' fatty  degeneration '),  the  most  superficial  being  completely 
filled.  The  latter  then  disintegrate  ;  and  hence  the  secretion  con- 
tains fragments  of  cells.  An  influence  of  the  nervous  system  upon 
,  this  secretion  has  not  been  demonstrated.  The  secretion  lubricates 
the  hair  and  also  the  skin,  giving  them  a  shiny  appearance,  and 
preventing  the  entrance  of  fluids. 

Exact  experiments  with  this  secretion,  especially  of  a  quantitative  descrip- 
tion, are  wanting,  as  there  are  no  means  of  prociu'ing  large  amounts  of  it  except 


1  Goltz,  Fflilger's  Archiv.    Vol.  xi.  p.  52. 

2  Kenilal  u.  Luchsinger,  'Zur  Innervation  der  Gefilsse.'  Pfluger's  Archiv.  Vol.  xiii 
pp.  197-212. 

^  Luchsinger,  '  Fortpcsetzte  Versuche  zur  Lehre  von  der  Innervation  der  Gefitsse.' 
Pfiilgers  Archiv.    Vol.  xiii.  pp.  391-a9d. 
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in  the  case  of  that  covering  the  skin  of  new-born  animals  (vernix  caseosa).  The 
secretion  of  the  Meibomian  glands  of  the  eyelids  probably  resembles  the  sebaceous 
secretion.  Cerumen,  on  the  contrary,  is  a  secretion  of  sweat-glands,  although 
there  are  sebaceous  glands  in  the  hair  follicles  of  the  external  meatus. 

The  sebaceous  secretion  is  closely  allied  to  the  following  secre- 
tion— milk. 

5.  Secretion  or  Milk. 

The  milk-glands  may  be  regarded  as  greatly  enlarged  and 
aggregated  sebaceous  glands,  and  the  milk  which  they  secrete  as  a 
sebaceous  secretion  containing  a  greater  quantity  than  usual  of  the 
results  of  transudation. 

Each  gland  consists  of  15-24  incompletely  separated  racemose 
glands,  every  one  of  which  is  provided  with  an  excretory  duct, 
which,  after  dilating  into  a  longish  reservoir,  opens  upon  the 
nipple.  These  glands  are  only  fully  developed  in  the  female 
during  the  period  of  possible  fertility,  and  they  are  only  active 
from  about  the  period  of  delivery  until  the  recurrence  of  men- 
struation. 

A  secretion  of  milk  takes  place  in  new-born  children,  from  the  fourth  to  the 
eighth  day ;  and  also  in  rare  cases  in  men. 

Milk  is  an  opaque  white  fluid,  generally  weakly  alkaline,  but 
frequently  neutral  or  slightly  acid  (according  to  Soxlet  the  norma^ 
reaction  is  amphichromatic).  It  has  a  sweetish  taste  and  a  charac- 
teristic odour.  It  is  an  emulsion  of  very  small  fat-globules 
(milk  corpuscles)  in  a  clear  fluid.  Its  specific  gravity  is  I'OOS- 
1-014. 

Casein  (see  below)  seems  to  belong  to  the  list  of  formed  elements  of 
milk,  as  it  does  not  appear  in  the  clear  filtrate  obtained  by  filtering  milk 
through  clay  by  means  of  the  air-pump  (Zahn,  Kehrer).  It  is  probably  con- 
tained in  the  fragments  of  cells  present  in  the  secretion  (Kehrer).  Many 
observers  believe  that  the  fat-globules  possess  an  envelope  of  casein,  though  the 
running  together  of  the  milk-globules  in  the  process  of  buttermakinof,  or  even  in 
perfectly  fresh  milk  (Sinety)  appears  to  be  imfavourable  to  the  surmise :  the 
membranes  seen  later  are  of  the  nature  of  secondary  precipitation  membranes 
(haptoo'en-membranes). 

The  casein  of  milk  is  precipitated  from  milk  which  is  subjected  to  continued 
diffusion,  and  is  therefore  kept  in  solution  by  the  aid  of  a  diffusible  (nitrogenous) 
constituent  (A.  Schmidt). 

The  constituents  of  milk  are:  1.  Water,  in  the  proportion,  on 
an  average,  of  about  89  per  cent.  2.  Salts,  especially  compounds 
of  potassium,  calcium,  and  phosphoric  acid,  and  also  of  iron  and 
manganese,  the  combination  of  the  saline  constituents  showing  a 
striking  resemblance  to  that  in  the  blood  corpuscles.  3.  Milk- 
sugar.  4.  Albuminous  matters,  especially  casein,  but  also  a 
small  amount  of  albumin  ;  that  is  to  say,  proteids,  only  a  small 
portion  of  which  are  precipitable  by  heat,  the  greater  part  being 
thrown  down  only  on  the  addition  of  an  acid.  5.  Fats,  viz.  the 
glyceric  ethers  of  palmitic,  stearic,  and  oleic  acids,  and  in  small 
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quantities  also  of  butyric,  capronic,  caprinic,  caprylic  and  myristic 
acids.  6.  Lecithin  or  protagon  (Tolmatsclieff).  7.  Various  '  ex- 
tractives,' among  others  urea  (Lefort).    8.  Grases  (C02,0,N). 

Human  milk  coutains  in  1,000  parts  (Th.  Brunner)  :  Water  900-0,  casein 
together  with  albumin  (traces)  6-3,  fats  17-3,  milk-sugar  62-3,  salts  and  ex- 
tractives 14-1.  The  miUc  of  the  cow  contains  (Kiihn)  :  Water  885-3,  casein  and 
albumin  28-5,  fats  31-2,  milk-sugar  45-6,  salts  and  exti-actives  9-8.  Older 
analyses  differ  considerably  from  those  here  given. 

Secretion. 

The  secretion  of  milk  consists  probably  in  the  formation 
within  the  glandular  cells  of  the  specific  constituents  (milk-sugar, 
casein,  and  fat)  out  of  the  materials  transuded  through  the  walls 
of  the  blood  vessels,  and  the  liberation  of  those  constituents  by 
the  disintegration,  or  some  similar  process,  of  the  cell-walls.  In 
the  case  of  the  fat,  this  has  been  directly  shown  to  occur,  the 
innermost  layers  of  cells  having  been  observed  to  become  more 
and  more  nearly  filled  with  fat,  in  the  same  manner  as  in  the 
sebaceous  secretion.  These  fat-laden  cells  then  either  disintegrate, 
or,  more  probably  (Strieker,  Schwarz),  get  rid  of  their  fat-globules 
by  contracting,  like  colostrum-corpuscles  to  be  described  below. 
The  globules  thus  set  free  become  emulsionized  in  the  fluid.  The 
milk-corpuscles,  as  is  generally  the  case  with  fat-globules  found  in 
albuminous  fluids,  become  coated  over  with  a  thin  pellicle  of  some 
akaline-albuminate  (possibly  casein).  At  the  commencement  of 
the  period  of  lactation,  in  the  so-called  colostrum,  or  milk  first 
secreted  after  delivery,  certain  round,  unbroken,  fat-laden  cells 
(colostrum-corpuscles)  present  themselves.  At  first  they  are  the 
only  bodies  present;  but  after  a  time  they  are  replaced  to  a 
greater  and  greater  extent,  though  never  entirely,  by  the  ordinary 
milk-corpuscles.  It  has  been  observed  that  the  colostrum-cor- 
puscles are  contractile  (Strieker,  Schwarz),  and  force  out  their 
contained  fat-globules ;  it  may,  therefore,  be  assumed  that  the 
subsequent  formation  of  milk-corpuscles  happens  in  like  manner ; 
and  that  it  is  only  at  first  that  the  parent-cells  of  the  milk- 
corpuscles  themselves  become  free  and  pass  into  the  milk.  From 
which  of  the  substances  composing  the  transuded  fluid  the  various 
specific  constituents  of  milk  are  derived  is  still  a  matter  of  suppo- 
sition. Casein  undoubtedly  originates  in  the  albumin  of  the 
blood,  as  a  ferment  has  recently  been  discovered  in  the  milk-gland, 
which  is  capable  of  converting  a  mixtm-e  of  albumin  and  an  alkali 
into  an  alkali-albuminate  (Dahnhardt).  Milk-sugar  is  derived  in 
all  probability  from  the  grape-sugar  of  the  blood,  as  it  is  increased 
in  quantity  by  the  ingestion  of  carbo-hydrates  as  food ;  there  are, 
however,  other  possible  sources  (Chapter  VI.) 

The  origin  of  the  fat  is  as  doubtful  as  the  method  of  the  for- 
mation of  fat  generally  (consult  Chapter  VI.,  where  this  question 
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is  discussed) ;  some  have  supposed  it  to  be  derived  from  alkali- 
albuminates  such  as  casein  (Hoppe).  The  process  of  secretion  is, 
therefore,  as  yet  quite  uncertain  ;  even  the  amount  of  salts  con- 
tained in  the  milk  cannot  be  accounted  for  on  mere  physical 
grounds.  An  influence  of  the  nervous  system,  such  as  may  and 
doubtless  does  exist,  does  not  however  seem  indispensable  for 
simple  secretion,  which  continues  after  section  of  the  cerebro- 
spinal nerves  (in  man  the  4th  to  6th  intercostal  nerves)  and  also 
of  the  nerves  (sympathetic  ?)  which  accompany  the  vessels  in  the 
gland  (Eckhard). 

Of  the  special  circumstances  affecting  the  secretion,  those  of 
diet  are  best  understood.  The  amount  of  casein  and  fat  present 
during  an  animal  diet  is  greater  than  during  a  vegetable  diet.  A 
liberal  supply  of  food  generally  causes  increase  in  the  amount  of  fat, 
while  carbo-hydrates  cause  increase  in  the  amount  of  sugar.  Fatty 
foods  do  not  increase  the  quantity  of  fat.  The  composition  varies 
also  with  the  time  during  which  active  secretion  has  proceeded, 
and  with  other  circumstances  attendant  upon  child-bearing. 

As  was  the  case  with  urine,  milk  may  contain  foreign  bodies  (in  a  changed 
or  unchanged  condition)  which  have  heen  previously  taken  into  the  system. 

As  milk  contains  several  easily  alterable  constituents,  and,  in  all  probability, 
some  ferments  also,  it  rapidly  undergoes  certain  changes  after  its  secretion, 
which  may  in  part  be  artificially  induced  and  utilised.  The  ferments  may  be 
partly  separated  by  causing  milk  to  transude  through  a  membrane,  when  they 
are  left  behind  (F.  Hoppe).  Certain  of  these  changes  may  be  proved  to  be 
processes  of  oxidation,  and  are  accompanied  by  the  disappearance  of  oxygen 
and  the  formation  of  carbonic  acid  (Hoppe).  In  the  first  place  the  milk- 
corpuscles,  which  are  lighter  on  account  of  the  fat  they  contain,  rise  to  the 
surface  of  the  milk  on  standing,  constituting  the  '  cream.'  By  means  of  shaking 
(churning),  the  envelopes  or  pellicles  of  the  milk-corpuscles  become  ruptured, 
and  in  consequence  the  fat  contained  in  them  runs  together,  the  fatty  part  of 
mills:  being  thus  obtained  almost  pure  in  the  form  of  'butter.'  The  remaining 
solution  of  casein,  sugar,  and  salts  constitutes  '  butter-milk ' :  as  a  inile,  butter 
is  manufactured  by  churning  cream  alone.  Among  the  chemical  changes 
occm-ring  in  milk  the  chief  are  those  affecting  the  milk-sugar  and  the  fats. 
The  former  gradually  undergoes  lactic  acid  fermentation,  especially  if  the 
temperature  be  somewhat  high,  the  milk  becomes  acid,  and  the  free  lactic  acid 
precipitates  the  dissolved  casein,  causing  flocculence,  just  like  any  other  free 
acid  or  like  the  gastric  juice.  This  coagulum,  '  cheese,'  includes  also  other  of 
the  constituents  of  milk,  especially  the  milk-corpuscles.  The  remaining  solution 
of  sugar  and  salts  is  called  '  whey.'  A  formation  of  lactic  acid  frequently  takes 
place  while  the  milk  is  still  within  the  gland,  the  secretion  having  an  acid 
reaction  as  soon  as  it  is  withdrawn.  No  oxygen  is  needed  in  the  formation  of 
lactic  acid  (Hoppe).  On  the  addition  of  yeast,  milk  may,  under  certain  circum- 
stances (probably  such  as  cause  the  conversion  of  the  milk-sugar  into  lactone), 
undergo  alcoholic  fermentation  ;  such  an  alcoholic  preparation  of  milk  is  the 
'  kumiss '  of  the  Tartars.  The  fats  also  decompose,  if  milk  or  butter  be  allowed  to 
stand,  into  glycerin  and  fatty  acids  (caprylic,  caprinic.  capronic,  butjTic  acids). 
Moreover,  milk  on  standing  exposed  to  the  air,  exhibits  a  diminution  in  the 
quantity  of  casein,  and  an  increase  in  the  amount  of  the  substances  capable  of 
boiuo-  extracted  by  means  of  alcohol  and  ether.  This  is  accompanied  by  ab- 
sorption of  oxygen  and  liberation  of  carbonic  acid,  and  is  an  effect  (Kemmerich) 
of  ferments  of  a  foreign  nature.    In  all  probability  this  is  a  case  of  the  origin 
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of  fat  by  the  oxidation  and  splitting  up  of  albuminous  bodies  (Hoppe).  Finally, 
the  amount  of  casein  increases  at  the  expense  of  the  albiunin  without  the 
addition  of  air  or  a  ferment  (Kenimerich). 

During  the  period  of  lactation  the  amount  of  milk  secreted 
by  both  breasts  in  twenty-four  hours  amounts  to  about  1350 
grammes. 

Se'paration. 

The  withdrawal  of  the  milk  out  of  the  flask-shaped  reservoirs 
of  the  milk-ducts  is  brought  about,  as  a  rule,  by  the  sucking  of 
the  young  animal  for  whose  nomishment  the  secretion  serves,  i.e. 
by  atmospheric  pressure.  The  smooth  muscular  fibres,  which 
surround  the  whole  gland,  probably  assist.  A  portion  of  the 
muscles  further  subserves  the  purpose  of  the  erection  of  the  nipple, 
which  has  as  yet  been  insufficiently  investigated,  and  which  ceases 
to  occur  after  section  of  the  cerebro-spinal  nerves  of  the  mammary 
gland  (Eckard). 

6.  Secbetions  in  connection  with  the  Sense  Organs. 

We  have  here  to  treat  almost  exclusively  of  the  secretion  of 
mucous  glands,  for  which  the  same  description  will  serve  as  was 
given  in  the  section  on  Alimentary  Secretions.  In  addition  there 
are  the  cerumen  of  the  ear  (p.  156),  and  the  secretion  of  the 
Meibomian  glands  (p.  158),  which  have  been  already  mentioned. 
It  only  remains,  therefore,  to  describe  the  secretion  of  tears. 

Tears. 

Tears  are  secreted  by  the  racemose  lachrymal  gland,  which  is 
exactly  similar  in  construction  to  the  glands  secreting  mucus. 
The  secretion  itself  may  also  be  regarded  as  a  very  watery  mucus 
(or  saliva) :  it  consists  of  a  large  proportion  of  transuded  material, 
together  with  small  amounts  of  mucin  and  albumin.  It  is  clear, 
colourless,  alkaline,  and  of  a  saline  taste. 

Tears  contain  99  per  cent,  of  water,  0"1  per  cent,  of  albumin,  0"8  per  cent, 
of  salts,  0*1  per  cent,  of  epithelimn  (Frerichs). 

Tears  are  continually  secreted  in  small  quantities  (Chapter  X.) 
Their  secretion  is,  however,  considerably  increased  by  certain 
kinds  of  psychical  stimuli,  or,  in  a  reflex  manner,  on  irritation  of 
the  nasal  mucous  membrane,  the  conjunctiva,  or  the  retina.  The 
impulse  to  secretion  occasioned  by  irritation  of  the  nasal  mucous 
membrane  only  extends  to  the  gland  of  the  side  stimulated  (Herzen- 
stein).  The  nerves,  irritation  of  which  increases  secretion,  and 
which  therefore  contain  the  secretory  fibres,  are  the  lachrymal 
branch  of  the  fifth,  the  subcutaneous  malar  branch  of  the  same 
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nerve,  and  the  cervical  sympathetic.  Reflex  stimulation  proceed- 
ing from  the  nose  may  occur  after  section  of  the  lachrymal  nerve 
(Herzenstein). 

As  in  some  cases  of  paralysis  of  the  facial  nerve  the  secretion  of  tears  is 
arrested,  it  is  not  unlikely  that  the  secretory  fibres  for  the  lachrymal  glands, 
like  those  for  the  salivary  glands,  spring  from  the  facial. 

The  tears  reach  the  conjunctival  sac  by  several  excretory  ducts,  Ooncerning 
their  further  application  and  destination,  consult  Chapter  X. 

The  specific  secretions  of  the  generative  organs,  in  which  mor- 
phological structures  are  the  essential  constituents,  are  treated  of 
in  the  Fourth  Section  of  this  book. 
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CHAPTER  nr. 

RECEPTION  OF  MATERIAL  INTO  THE  liLOOD. 
ABSORPTION. 

The  Materials  Absorbed. 

The  substances  which  are  taken  up  (absorbed)  into  the  blood 
are : — 

1.  The  oxidizing  body,  oxygen,  absorbed  in  the  process  of 
respiration  (Chapter  IV.) 

2.  The  food  or  material  destined  for  the  repair  of  the  tissues, 
or  for  the  replacement  of  those  portions  of  the  body  which  are 
separated  and  cast  out  unchanged.  Certain  preparatory  processes 
have  to  be  passed  through  before  absorption  is  possible  ;  such  pro- 
cesses constitute  digestion. 

3.  The  products  of  the  chemical  changes  of  substances  which, 
having  been  absorbed  by  the  blood  and  carried  to  the  various 
organs  of  the  body,  have  there  undergone  oxidation.  The  bodies 
thus  formed  are  either  gaseous  (carbonic  acid  being  the  only  in- 
stance) or  liquid.  They  are,  moreover,  either  the  ultimate  pro- 
ducts of  oxidation  which  the  blood  takes  up  simply  in  order  to 
convey  them  to  situations  specially  appropriated  to  their  excretion 
(carbonic  acid,  urea,  &c.) ;  or  they  are  compounds  which  are  not 
made  use  of  at  any  particular  spot,  but  are  further  decomposed 
either  in  the  blood  itself,  or  after  their  re-secretion  in  some  other 
situation.  To  this  class  belong  most  of  the  so-called  '  specific 
constituents'  of  the  various  secretions,  whether  parenchymatous 
juices,  the  fluids  of  cavities,  or  free  secretions,  the  only  difference 
being  that  in  the  first  case  the  constituents  are  reabsorbed  by  the 
blood  in  the  place  where  they  were  secreted,  while  in  the  case  of 
the  free  secretions  they  undergo  reabsorption  in  other  situations 
after  they  have  traversed  for  a  longer  or  shorter  distance  the 
channels  or  canals  of  the  body. 

4.  Finally,  a  considerable  amount  of  the  materials  separated 
from  the  blood  in  the  course  of  secretion  are  reabsorbed  unchanged, 
either  elsewhere,  or,  if  the  physical  conditions  have  in  the  mean- 
time become  altered,  in  the  very  place  of  then-  secretion ;  such 
substances  are  water,  salts,  albumin,  called  collectively  '  transuded 
materials.' 
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_  The  fourth  class  includes  the  unaltered  constituents  of  the  parenchymatous 
juices  and  fluids  of  cavities,  as  well  as  of  pathological  transudations  (oedomatous 
fluids,  serous  effusions).  Their  re-absorption  into  the  same  vessels  and  under  the 
same  conditions  as  obtained  during  secretion  would,  of  course,  be  impossible. 
The  conditions  therefore  must  be  changed  (e.r/.  the  filtration-pressure  of  the 
blood,  which  is  continually  altering,  must  diniinish),  or  absorption  must  take 
place  by  another  way  {e.g.  through  the  lymphatic  system).  The  unaltered  con- 
stituents of  true  secretions  are  re-absorbed  elsewhere  than  at  the  place  of  secre- 
tion. 

Methods  of  Absorption. 

Absorption  of  material  into  the  blood  takes  place  in  part 
directly  into  the  blood-capillaries,  and  in  part  indirectly  through 
the  lymphatic  vessels  which  constitute  an  appendage  to  the  blood- 
vascular  system.  The  capillaries  of  blood  vessels  and  lymph 
vessels  lie  everywhere  together.  The  lymphatic  vessels  proceeding 
from  the  alimentary  apparatus,  and  especially  from  the  intestine, 
are  called  lacteals. 

The  lymphatics  and  the  lacteals  form  a  simple,  branched,  vascular  tree 
(comparable  with  that  of  the  veins),  which  opens  into  the  jugular  veins  at  their 
bases  by  two  inconsiderable  trunks,  viz.,  the  thoracic  duct  and  the  right  lymph- 
atic duct.  The  latter  receives  lymph  only  from  the  vessels  of  the  right  upper 
portion  of  the  body  and  the  right  half  of  the  thorax,  while  the  thoracic  duct 
collects  the  lymph  from  all  the  remaining  vessels,  including  the  lacteals.  But 
few  accurate  obgervations  have  as  yet  been  made  concerning  tlie  origin  of  the 
lymphatic  vessels  in  the  various  organs.  Some  regard  the  closed  network  of 
capillaries  (which  are  somewhat  wider  than  blood-capillaries)  as  the  commence- 
ment, while  others  suppose  this  network  to  originate  in  the  fine,  wall-less  spaces 
of  the  tissues.  In  many  compound  tissues,  especially  in  glands,  the  lymphatic 
vessels  commence  in  fissure-like  spaces  between  the  blood  vessels  and  the  other 
components  of  the  tissue,  e.g.  the  glandular  canals  or  ducts  (Ludwig,  Tomsa,^ 
Zawarykin,'^  Mac-Gillavry).  In  the  spinal  cord  these  spaces  surround  the 
blood  vessels  as  perivascular  spaces  (His^).  These  lymph  spaces  appear  to  be 
lined  by  epithelium.  The  so-called  serous  sacs  (pleura,  peritoneum,  iSrc),  and 
the  subcutaneous  lymph-sacs  of  the  frog,  constitute  similar  but  much  larger 
lymphatic  spaces.  They  are  lined  by  epithelium  and  filled  with  lymph  ;  and 
they  communicate,  by  means  of  small  openings  ('stomata')  occm-ring  be- 
tween the  epithelium  cells,  with  the  lymphatic  capillaries  of  the  neighbouring 
tissue,  e.g.  with  those  of  the  centrum  tendiueum  of  the  diaphragm  (von  Eeckling- 
hausen,*  Ludwig  and  Dybkowsky,^  Schweigger-Seidel  and  Dogiel,^  Oedmann- 
son '),  and  especially  with  those  of  tendons  and  fasciae  (Genersich  ^). 


1  Ludwig  u.  Tomsa,  Sitzungsher.  d.  Wien.  Akademie.  Vol.  xliii.  (1861)  and  vol.  xlvi. 
(1862)  p.  185. 

2  Ludwig  u.  Zawarykin,  Zeitschr.f.  rat.  Med.    Vol.  xx. 

3  His,  Zeitschrift  filr  Wisseiischaftliche  Zoologie,  vol.  xv.  Translated  in  Journal  of 
Ai'tttomij  and  Physiology.    Vol.  i.  p.  347. 

4  V.  Recklinghausen,  Die  Li/mphgefdsse  mid  Hire  Beziehvng  znvi  Bindegewebe  ;  also 
article  '  Lymphatic  System,'  Strieker's  Manual  of  Human  and  Comparative  Histology, 
Sydenham  Society's  translation,  vol.  i.  p.  297. 

'  5  Dybkow-kv,  'Ueber  Aufsaugung  und  Absonderung  der  Pleurawand.'  Ber.  der  k. 
sacks.  Gesellsch.'z'i  Leipzig.    Vol.  xviii.  (1866)  p.  191. 

6  Schweigger-Seidel  u.  Dogiel,  '  Ueber  die  Peiitonealhiihle  bei  Fioschen  und  ihren 
Zusammenhang  mit  dem  Lyraphgeflisssysteme.'  Ber.  d.  k.  sitchs.  Gesellsch.  zu  Leipzig. 
Vol.  xviii.  (1866)  p.  247. 

7  Oedmannson,  Virchow's  drchiv.    Vol.  xxviii.  (1863)  p.  361. 

8  Genersich,  '  Die  Aufnahme  der  Lymphe  durch  die  Sehnen  iind  Fasoien  der  Skelet- 
muskeln.'    Ber.  d.  k.  sdchs.  Gesellsch.  zu  Leipzig.    Vol.  xxii.  (1870)  p.  142 
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The  origin  of  tlie  lymphatic  vessels  withiu  the  elementary  tissues  themselves 
must  most  prohahly  be  sought  (Virchow  ')  in  the  retiform  canalicular  systems, 
which,  according  to  Virchovi^'s  theory,  are  formed  by  the  anastomosing  cells  of 
those  tissues  (connective  tissue  proper,  bone,  &c.) ;  or  which,  according  to  von 
Recklinghausen,  are  systems  of  tubes  bearing  at  their  nodal  points  the  proto- 
plasmic masses  characteristic  of  the  tissues  in  which  they  occur.    It  is  possible 
that  this  system  of  canaliculi  stands,  on  the  other  hand,  in  direct  commimica- 
tion  with '  blood-capillaries,  in  which  many  observers  suppose  inter-epithelial 
openings — stomata — to  occm".  The  same  uncertainty  is  felt  regarding  the  origin 
of  the  lacteals  in  the  villi  of  the  small  intestine.    The  villi  are  small,  closely- 
packed  processes  of  the  mucous  membrane,  of  various  shapes,  but  mostly  conical, 
which  give  the  inner  surface  of  the  small  intestine  the  appearance  of  velvet. 
They  are  covered  with  the  columnar  epithelium  of  the  intestinal  mucous  mem- 
brane, and  possess  smooth,  longitudinal,  muscular  fibres,  which  produce  in  them 
a  shortening  and  a  spiral  twisting  on  contraction  (Briicke).    Each  contains,  be- 
sides a  net-work  of  capillary  blood  vessels,  the  disputed  commencement  of  the 
lacteal,  which  leaves  the  villus  as  one,  or  sometimes  several,  small  vessels. 
These  lacteals  originate  in  some  way  in  the  epithelial  cells  covering  the  villi ; 
for  all  bodies  which  reach  the  chyle  vessels  from  the  intestine  must  fii-st  pass 
through  them,  as  may  be  demonstrated  in  the  case  of  fat-globules.    Some  sup- 
pose a  direct  imion  of  epithelium  cells,  through  the  canalicular  system  of  the 
connective  tissue  of  the  villi,  with  the  lacteal  vascular  system,  which  com- 
municates, by  means  of  processes,  with  the  united  bases  of  the  epithelium  cells 
(Heidenhain,  Eimer,  von  Thanhoffer).    Others  suppose  a  capillary  system  of 
lacteal  vessels  to  exist  within  the  villi,  which  is,  however,  closed,  and  can  only 
communicate  by  diffusion  with  the  cells  of  the  epithelium  (E.  PI.  Weber).  A 
third  set  of  observers  deny  the  presence  of  such  capillaries  (Funke,  Kolliker), 
and  even  of  the  central  lacteal  (Briicke,  Basch)  ;  and  think  that  the  substances 
absorbed  from  the  intestine  pass  through  wall-less  spaces,  through  the  meshes 
of  the  tissue  composing  the  villi,  or  tkrough  fissures  between  the  blood  vessels 
and  the  surrounding  tissue  (Basch).    The  same  views,  therefore,  are  held 
respecting  the  origin  of  lacteals  as  of  lymphatics.    The  nature  of  the  epitheliiun 
cells  themselves  is  as  much  disputed  as  that  of  the  origin  of  the  lacteals.  The 
fact  that  they  are  capable  of  taking  up  bodies  from  the  intestine  (fat^globules, 
pigment-granules,  blood-corpuscles,  &c.)  has  led  to  the  supposition  of  openings. 
Each  cell  presents  to  the  interior  of  the  intestine  a  thickened  striated  end,  where, 
if  at  all,  the  disputed  openings  must  exist.    According  to  some,  this  end  consists 
simply  of  a  stopper  of  mucus,  the  cells  themselves  being,  therefore,  open. 
Others  regard  the  striated  appearance  as  indication  of  the  existence  of  fine  per- 
forations (Kolliker,  Welcker),  or  of  a  closely-packed  bundle  of  rods  filling  up 
the  orifice,  and  reminding  one  of  cilia  (Funcke,  Brettauer  and  Steinach,  Hei- 
denhain, Lipslty),  the  interspaces  of  which  would  therefore  correspond  to  the 
perforations  of  the  preceding  observers.    Others,  again,  think  that  the  ends  are 
quite  imperforate.    A  theory  propoimded  by  Letzerich  differs  from  all  those 
just  mentioned  in  supposing  the  particles  which  have  succeeded  in  reaching  tte 
lacteal  vessels  to  have  traversed  certain  goblet-shaped  structures,  situated  be- 
tween the  epithelium  cells,  which  anastomose  below  vidth  the  canalicular  net- 
work.   These  goblet-cells  are  thought  by  some  (Eimer,  F.  E.  Schultze)  to  be 
essentially  secretory  in  function.    Others  regard  them  as  simply  the  results  of 
the  method  of  treatment  (Dbnitz,  Lipsky,  Erdmann,  Sachs),  or  as  metamor- 
phosed epithelial   cells  (Arnstein,  Oeffinger,  Heidenhain).     The  glandular 
organs  connected  with  the  lymphatic  and  lacteal  systems  of  vessels  will  be 
described  below.    [As  a  result  of  very  elaborate  investigations.  Dr.  Herbert 
Watney  *  has  come  to  the  conclusion  that  the  absorption  of  fatty  matters  by 
the  villi  takes  place  through  the  inter-cellular  substance  which  connects  the 
epithelial  cells  coveiing  the  villi.] 


1  Virchow,  Cellular  Pathology.    2  Watney,  Philosopliical  Transactions,  1876,  pt.  ii.  p.  467 
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Forces  concerned  in  Absorption. 

The  physical  forces  which  are  able  to  bring  about  an  absorption 
of  fluids  into  the  blood  (excluding  those  concerned  in  the  absorp- 
tion of  gases,  which  are  treated  of  in  Chapter  IV.),  are,  in  the 
cases  where  it  occurs  through  closed  capillary  walls,  filtration  and 
diffusion.  The  former  in  all  probability  only  acts  exceptionally, 
as  it  appears  to  be  quite  abnormal  for  the  pressure  without  the 
vessels  to  exceed  that  of  the  blood  within  them. 

Absorption  into  the  lymphatic  and  lacteal  vessels,  the  nature 
of  the  commencement  of  which  is,  as  has  been  said,  yet  doubtful, 
is  probably  assisted  by  additional  forces ;  such  as,  for  instance, 
capillary  attraction,  in  the  case  of  open  tubes.  Filtration  also 
may  play  a  more  prominent  part  here,  as  the  pressure  in  the 
lymphatic  vessels  is  considerably  less  than  in  the  blood  vessels 
(Noll).  It  is  impossible  to  say  what  substances  are  absorbed 
directly  into  the  blood,  and  what  through  the  lymphatics.  As, 
however,  from  the  uncertainty  shrouding  the  lymphatic  and  lacteal 
systems,  we  are  allowed  to  theorise  more  freely  with  respect  to  the 
forces  concerned  in  absorption,  we  may  suppose  that  substances 
which  do  not  diffuse  at  all,  or  only  with  great  difficulty — in  short 
the  absorption  of  which  by  the  blood  vessels  is  to  all  appearance 
difficult  or  impossible — are  taken  up  by  the  lymphatics  or  the 
lacteals.  To  this  class  of  bodies  belong  especially  solutions  of 
albumin  and  fats,  as  well  as  finely  divided  solids  (colouring  mat- 
ters). Water  and  true  solutions  (including  peptones)  are  most 
probably  taken  up  by  both  systems  of  vessels.  The  absorption  of 
fats,  also,  does  not  appear  to  be  confined  entirely  to  the  lymphatics, 
as  is  indicated  by  the  greater  amount  of  fat  in  the  blood  of  the 
portal  vein,  which  receives  the  venous  blood  from  the  intestines, 
as  compared  with  that  found  in  the  blood  from  other  vessels 
(Chapter  V.) 

An  immigration  of  cellular  structures  into  the  Wood  vessels,  corresponding 
to  their  emigi-ation,  has  been  recently  observed  (von  Recklinghausen,  Saviotti). 
If  those  cells  should  contain  in  their  interior  finely  divided  colouring  matters, 
fats,  &c.,  a  species  of  direct  absorption  of  undissolved  substances  would  thus  be 
accomplished. 

In  frogs  whose  hearts  have  been  destroyed,  fluids  are  still  capable  of  ab- 
sorption from  the  lymph-sacs,  so  long  as  brain  and  spinal  cord  are  intact  (Goltz).* 
It  seems  as  if  absorption  ceases  in  vessels  the  tonus  of  which  is  completely  de- 
stroyed, as  soon  as  they  have  become  filled ;  while  those,  the  nerves  of  which 
are  active,  are  able  again  and  again  to  expel  their  contents,  thus  permitting 
absorption  to  recommence  (Bernstein,  Heubel,  Gergens). 


1  Goltz,  Pftiiger's  Archiv.   Bd.  v.  p.  53. 
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Seats  of  Absorption. 

One  of  the  chief  seats  of  absorption,  which  must  now  be  con- 
sidered separately,  is  the  alimentary  canal.  The  constituents  of 
food  are  here  partially  taken  up,  after  having  undergone  the 
changes  necessary  to  prepare  them  for  absorption,  viz.  digestion. 
At  the  same  time  an  absorption  takes  place  of  the  various  ali- 
mentary secretions  (mucus,  saliva,  gastric-juice,  pancreatic-juice, 
bile,  intestinal  juice),  probably  in  a  partially  altered  condition, 
after  they  have  performed  their  several  functions  :  certain  of  their 
constituents  (mucin,  the  specific  constituents  of  bile)  are  however 
not  absorbed,  being  passed  out  of  the  system  in  the  faeces.  The 
changes  brought  about  in  digestion,  which  will  be  more  fully 
described  below,  consist  in  the  conversion  of  materials,  such  as 
starch,  albuminous  bodies  and  gelatin,  which  are  unfitted  for  ab- 
sorption, into  modifications  which  are  easily  diffusible,  viz.  sugar, 
solutions  of  peptones  and  of  gelatin.  A  small  portion  also  of  the 
fat  is  converted  into  easily  absorbable  soap,  the  rest  being  emul- 
sionized.  Altogether,  therefore,  in  the  alimentary  canal  there  are 
the  following  substances  which  undergo  absorption  : 

1.  Water  derived  partly  from  food  and  partly  from  the  ali- 
mentary secretions.  2.  Soluble  salts,  also  in  part  derived  from 
the  insoluble  salts,  or  the  free  acids  and  bases,  taken  in  with  the 
food.  3.  Different  kinds  of  sugar,  all  of  which  are  derived  from 
the  food,  grape  sugar  being,  in  addition,  present  as  the  result  of 
the  conversion  of  starch.  4.  Other  soluble  constituents  of  food  or 
of  the  alimentary  secretions  (pepsin,  &c.)  5.  Soaps  formed  from 
the  fatty  materials  of  the  food.  6.  Soluble  albumin  and  the  al- 
kali-albuminate  formed  during  digestion.  7.  Peptones  derived 
from  the  soluble  and  insoluble  albuminous  constituents  of  food. 
8.  Solutions  of  gelatin  derived  from  the  gelatin  and  gelatigenous 
elements  of  food.  9.  Emulsionized  fat  (fat  in  fine  globules)  from 
food.  Of  the  above  substances  those  included  in  the  first  eight 
classes  would  appear,  on  account  of  their  diffusibility,  to  be  ab- 
sorbed both  by  blood  vessels  and  by  lacteals.  All  the  true  solu- 
tions (those  mentioned  in  classes  1-4)  are  probably  chiefly  ab- 
sorbed by  the  blood  vessels,  or,  perhaps,  equally  by  them  and  the 
lacteals ;  but  the  remaining  substances  are  for  the  most  part  taken 
up  by  the  latter.  The  absorption  of  fat,  on  the  contrary,  seems 
to  be  confined  almost  entirely  to  the  lacteals. 

The  way  in  which  fat  reaches  the  lacteals  is,  according  to  the 
various  views  stated  on  p.  165,  either  through  complete  canals 
(openings  in  the  epithelium  of  the  villi,  communicating,  through 
the  canalicular  system  of  the  connective  tissue,  with  the  central 
lacteal  of  the  villus,  Heidenhain) ;  or  along  paths  which  the  fat- 
globules  find  out  for  themselves. 
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In  either  case,  the  action  of  bile  in  facilitating  the  filtration 
of  fat  (p.  141)  is  most  important.  The  forces,  however,  which 
bring-  about  absorption  are  still  doubtful ;  most  probably  filtra- 
tion depends  upon  somewhat  high  pressure  in  the  intestines,  since 
the  pressure  in  the  lymphatic  system  is  slight.  Contraction  of 
the  muscles  of  the  villi  can  only  force  the  contents  of  the  lacteals 
within  the  villi  towards  the  larger  vessels  of  the  system,  rendering 
no  assistance  whatever  in  the  absorption  of  fat  from  the  interior 
of  the  intestine.  This  contraction  is  said  to  be  facilitated  by  the 
action  of  the  bile  (SchijT). 

The  absorption  of  fat  by  the  lacteals  is  well  shown  by  the  white,  milky' 
contents  of  those  vessels  after  the  ingestion  of  fatty  foods  ;  and  the  favourable 
action  of  the  bile  in  promoting  it  is  proved  by  the  diminution  in  the  contents 
which  occurs  if  the  admixture  of  bile  be  prevented,  by  closure  of  the  ductus 
choledochus,  or  the  formation  of  a  biliary  fistula. 

A  second  seat  of  absorption  is  the  external  skin,  which,  although 
only  exceptionally  active,  is  so  often  spoken  of  in  connection  with 
absorption  that  mention  will  be  made  of  it  here.  All  substances 
absorbed  through  the  skin  must  first  pass  through  the  epidermis. 
The  permeability  of  this  structure  appears  to  be  usually  very  slight ; 
but  it  may  be  much  increased  by  various  means  (warm  baths,  &c.) 
The  power  of  absorption  possessed  by  the  skin  is  proved  by  well- 
established  facts. 

The  absorption  of  parenchymatous  juices  is  still  a  matter  of 
which  little  is  known.  It  would  appear  that,  apart  from  the  ab- 
sorption of  these  products  of  oxidation  which  are  really  soluble, 
the  unaltered,  albuminous  constituents  of  transudation  fluids  are 
constantly,  or  under  certain  circumstances,  taken  up  by  the  lym- 
phatics, and  the  more  quickly  according  to  the  rapidity  with  which 
transudation  takes  place,  i.e.  according  as  the  pressure  of  the 
parenchymatous  fluids  in  the  tissue  is  greater.  Lymph,  at  least, 
will  flow  from  an  open  lymphatic  vessel  the  more  quickly  ac- 
cording as  transudation  is  increased  either  by  dilatation  of  the 
arteries  proceeding  to  the  part  (by  section  or  paralysis  of  vaso- 
motor nerves),  or  by  prevention  of  the  escape  of  blood  (by  liga- 
ture of  the  veins,  or  compression  of  them  by  muscular  contractions) 
(Ludwig,  Schwanda).  The  lymphatics,  therefore,  may  possibly 
have  to  be  regarded  as  regulators  of  turgescence.  The  condition 
in  which  there  is  increased  pressure  of  the  parenchymatous  fluids, 
and  which  is  removed  by  increased  activity  of  the  absorbents,  is 
called  oedema.  We  may  say  that  a  system  of  drainage  is  con- 
tinually in  operation  in  the  tissues,  in  which  fluids  are  poured  out 
of  the  blood  vessels  by  transudation,  percolate  the  surrounding 
cellular  tissues,  and  flnally  flow  away  through  the  lymphatics. 
The  commencements  of  the  lymphatic  vessels  are,  as  a  rule,  re- 
moved as  far  as  possible  from  the  blood  vessels  (von  Eeckling- 
hausen).   Absorption  from  parenchymatous  tissue  appears  to  be 
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promoted  by  pressure  such  as  that  exerted  by  the  contraction  of 
neighbouring  muscles  (Genersich').  Increase  of  arterial  blood- 
pressure  has  no  influence  upon  the  formation  of  lymph  (Paschutin^). 

Destination  of  the  absorbed  Materials. 

The  substances  absorbed  directly  into  the  blood  at  once  form 
part  of  the  plasma,  from  which  they  are  in  part  thrown  out  of  the 
body,  and  in  part  supplied  to  other  organs. 

It  remains  now  to  follow  in  their  course  to  the  blood  the  sub- 
stances which  are  indirectly  absorbed  through  the  lacteals  and 
lymphatics.  During  this  course  they  do  not  remain  unaltered. 
Their  composition  is  materially  modified  after  passage  through 
certain  organs,  the  lymphatic  glands,  which  form  part  of  the  lym- 
phatic and  lacteal  systems  of  vessels.  They  are  converted  into  a 
fluid  which  resembles  in  many  respects  the  blood  into  which  it  is 
about  to  be  poured,  and  is,  as  it  were,  a  preparatory  stage  of  it. 
As  these  organs  are  not  only  found  in  the  course  of  the  larger 
lymphatic  vessels  (as  ordinary  lymphatic  glands),  but  also  at  the 
very  commencement  of  the  lymphatic  and  lacteal  systems  (as 
so-called  ^follicles  '),  it  is  not  possible  to  procure  the  original  fluid 
as  it  exists  immediately  after  absorption.  The  names  chyle  and 
lymph  are,  therefore,  used  to  denote  the  modified  contents  of  the 
absorbent  vessels,  which  have  ah-eady  traversed  glands. 

The  follicles,  which  have  recently  come  to  be  regarded  as  the  simplest  form 
of  lymphatic  gland,  are  foimd  in  gi'eat  numbers  at  the  commencement  of  the 
lacteal  and  lymphatic  vessels.  Those  connected  with  the  former  set  of  vessels, 
the  lacteals,  are  biu'ied  in  the  intestinal  mucous  membrane,  either  singly 
('solitary  glands,'  in  the  whole  intestine),  or  in  numbers  together  ('Peyer's 
patches,'  *  agmiuated  glands,'  in  the  lower  part  of  the  small  intestine).  Those 
connected  with  the  lymphatics  are  discovered  in  various  parts  of  the  body,  espe- 
cially in  the  mucous  membranes  of  the  mouth,  the  pharynx  (the  tonsils  are 
simply  collections  of  follicles),  the  stomach,  and  the  conjunctiva,  in  the  lunga 
(described  for  a  long  time  as  small  lymphatic  glands),  the  spleen  (Malpighian 
bodies),  and  probably  also  in  many  other  situations.  For  a  description  of  the 
intimate  structure  of  the  follicles  and  lymphatic  glands,  the  student  must  refer 
to  Manuals  of  Histology ;  but  the  following  account  seems  to  embody  all  that 
is  essential  in  their  fonnation :— Follicles  contain  one  cavity,  and  Ijonphatic 
glands  many,  cavities  (alveoli,  lymph  spaces),  bounded  by  a  network  of  con- 
nective tissue,  and  traversed  by  a  delicate  reticulum  of  fibres  and  blood- 
capillaries  ;  the  meshes  of  this  reticulum  are  closely  packed  with  colourless, 
round,  nucleated  cells  (lymph-cells).  These  cell-filled  spaces  appear  to  be 
nothing  but  an  extended  canalicular  system  of  connective  tissue,  the  ground- 
substance  of  which  has  shrunk  into  the  fine  network  or  reticulum  of  fibres.  Into 
these  spaces  open  either  the  usual  connective-tissue  caualiculi,  or,  in  the  case  of 
lymphatic  glands  proper,  the  branches  of  the  lymph-vessels  proceeding  to  them 
which  surround  the  alveoli  as  fissures  (lymph-sinuses)  lined  with  epithelium. 
From  the  alveoli  pass  out  the  efferent  lymphatic  vessels.  All  fluids,  therefore, 
travensing  the  lymphatic  system  of  vessels  must  pass  through  these  alveoli  and 
find  their  way  between  the  cells,  in  which  case  they  are  brought  into  a  relation- 
ship with  the  blood  in  the  capillaries  which  is  favourable  to  osmosis. 


1  Lucl wig's  Arheiten,  1871,  p.  53. 


^  Ibid.  1873,  p.  51. 
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Lymph  is  a  colourless  or  whitish-yellow  fluid,  which  is  separ- 
able under  the  microscope  into  a  colourless  plasma  and  certain 
nucleated  contractile  cells  (lymph-corpuscles),  fat-globules  and  free 
nuclei  suspended  in  it.  Lymph-corpuscles  resemble  very  closely 
the  cells  contained  in  the  alveoli  of  the  follicles  and  lymphatic 
glands,  and,  undoubtedly,  for  the  most  part,  originate  from  them. 
Before  passing  through  the  larger  lymphatic-glands,  lymph  con- 
tains very  few  of  these  corpuscles,  which  it  obtains  from  the 
follicles,  or  from  the  connective-tissue  canaliculi,  and  probably 
also  from  the  blood  vessels.  They  completely  resemble  the 
white  corpuscles  of  the  blood.  When  removed  from  the  living 
body,  lymph  coagulates  like  blood,  only  more  slowly,  a  lymph- 
clot  being  formed  while  a  lymph-seriim  is  squeezed  out  by  its 
contraction.  It  therefore  contains  fibrin-formers,  and  generates 
the  ferment  (p.  77),  but  not  to  the  same  extent  as  blood — hence 
the  addition  of  blood  hastens  coagulation.  The  remaining  con- 
stituents of  lymph  are  exactly  similar  to  those  of  blood,  with  the 
exception  of  the  colouring  matter,  which  is  wanting,  viz.  water, 
salts,  alkaU- albuminate,  protagon,  fats,  sugar,  urea,  extractives  and 
gases  (almost  entirely  composed  of  carbonic  acid  (Hammarsten). 
It  is  diflBcult  to  obtain  pure  chyle,  as  it  is  constantly  mingled 
with  lymph  in  the  receptaculum  chyli  and  thoracic  duct.  It  is 
distinguished  from  the  latter  fluid  by  the  greater  quantity  of  fat 
it  contains  during  digestion,  which  gives  to  the  vessels  containing 
it  a  milk-white  appearance.  The  fat  forms  single  or  united  globules, 
larger  than  those  of  lymph.  It  is,  moreover,  taken  up  by  the  con- 
tractile lymph-corpuscles. 

The  motion  of  the  lymphatic  fluids  towards  the  blood  takes 
place  under  a  slight  pressure  (Noll ' )  and  very  slowly,  chiefly  on 
account  of  the  considerable  resistance  which  the  lymphatic  glands 
must  offer.  The  forces  which  sustain  this  motion  can  only  be 
guessed  at:  they  are  probably: — 1.  Those  forces  which  bring 
about  absorption  of  the  contents  into  the  initial  branches  of  the 
system,  and  which,  as  was  explained  previously,  are  yet  unknown : 
their  effect  must  be  to  cause  a  gradual  progression  of  the  lymph 
or  chyle.  2.  The  contraction  of  the  various  muscles  surrounding 
the  lymph- vessels,  which,  on  account  of  the  numerous  valves  exist- 
ing in  those  vessels,  forces  the  lymph  towards  the  larger  trunks, 
just  as  is  the  case  in  veins  (p.  101).  3.  The  aspiration  of  the 
thorax  (p.  99) ;  for  the  openings  of  the  principal  trunks  and 
the  greater  part  of  the  thoracic  duct  also  lie  within  the  thoracic 
cavity. 

In  amphibia  and  certain  birds  (Ratitfe),  the  movement  of  the  lympli  is 
assisted  by  the  rhythmical  pulsation  of  lymph-hearts,  of  which  four  exist  in  the 


1  Ludwig  u.  Noll,  '  Ueber  den  Lymphstrom  in  den  Lymphgefassen  und  die  wesent- 
licbsteu  anatomischen  Besta-dtheile  der  LymphdrUseii.'  Zeitschriftf.  rat.  Med.  vol.  i), 
p.  62. 
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frog,  two  in  other  amphibia,  and  one  in  the  ostrich.  The  central  nervous  organ 
connected  with  this  rhythmical  motion  is  said  by  some  to  be  in  the  spinal  cord, 
and  by  others  in  the  hearts  themselves.  In  guinea-pigs  a  rhythmical  contrac- 
tion has  recently  been  observed  (A.  Heller)  in  the  lymphatics  of  the  mesentery. 
As  this  proceeds  along  those  portions  of  the  vessel  between  the  valves  Avith  a 
regular  progression  towards  the  larger  trunks,  it  must  be  regarded  as  a  species 
of  cardiac  mechanism. 

[In  the  frog  the  rhythmical  movement  of  the  lymph-heart  seems  to  be  de- 
pendent upon  the  integrity  of  spinal  centres  (Volkmann),  one  situated  opposite 
the  third  vertebra  for  the  anterior  pair,  and  one  opposite  the  sixth  vertebra  for 
the  posterior  pair.  It  is,  however,  affirmed  (Eckhard,  Schiff,  Goltz,  Waldeyer) 
that  the  power  of  regular  movement  may  sometimes  be  recovered  after  it  has 
been  abolished  by  dividing  the  spinal  nerves,  supplying  the  hearts,  or  by  destroy- 
ing the  spinal  cord. 

The  lymph-hearts  are,  further,  constantly  inhibited  from  the  optic  lobes 
(Suslowa  ^),  this  inhibition  being  controlled  by  centripetal  stimuli,  proceeding 
from  skin  or  intestines  (Goltz). ^] 

When  the  lymph  has  reached  the  blood  vessels  it  mingles  with 
the  blood.  What  further  use  is  made  of  it,  and  how  it  is  trans- 
formed, will  be  described  in  Chap.  V. 

1  Suslowa, 'JBeitrage  zur  Physiologie  der  Lyniphherzen.  VorlSufiffe  Mitth.'  Central- 
llutt,  1867. 

2  Goltz,  '  Eeflexhemmung  der  Bewegung  der  Lymphherzen.'    Centralblatt,  1863. 
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Preparation  of  Food  for  Absorption. 

Digestion. 

In  the  alimentary  canal,  which  stretches  from  the  mouth  to  the 
anus,  the  food,  which  has  been  taken  into  the  body  in  a  solid  or 
liquid  form,  is  in  part  directly  absorbed  through  the  walls,  thus 
coming-  to  mix  with  the  juices  of  the  tissues.  The  greater  portion, 
however,  has  first  to  undergo  a  certain  mechanical  and  chemical 
preparation.  Those  constituents  of  the  food  which  are  incapable 
of  absorption  either  directly  or  after  .having  passed  through  the 
various  stages  of  digestion — the  indigestible  constituents—  pass  out 
of  the  body  jper  anum,  in  company  with  certain  portions  of  the 
alimentary  secretions,  as  faeces. 


I.  THE  CHEMICAL  PROCESSES  OF  DIG-ESTION. 

The  secretion  and  properties  of  tlie  alimentary  juices  have  been  described  in 
the  preceding  chapter. 

Water,  the  inorganic  constituents  of  food,  and,  for  the  most 
part,  the  soluble  organic  constituents  also,  undergo  no  essential 
chemical  alteration  in  the  alimentary  canal.  If  they  are  already 
dissolved,  or  are  soluble  in  the  secretions  of  the  canal,  they  are 
absorbed  unchanged  whenever  they  reach  the  situations  where  ab- 
sorption is  possible  ;  while,  if  they  are  in  the  form  of  free  acids  and 
bases,  they  are  firstly  combined.  Certain  substances  upon  which 
the  alimentary  juices  are  unable  to  act,  and  which  are  insoluble, 
also  remain  imchanged  :  to  this  class  belong  especially  cellulose, 
and  horny  and  elastic  tissues.  Such,  moreover,  is  the  fate  of  that 
portion  of  the  soluble  substances  which  escapes  solution  owing  to 
tlie  superabundance  of  the  quantity  ingested  or  to  the  closeness 
of  their  texture.  All  such  materials  disappear  from  the  body 
per  anum,  together  with  certain  portions  of  the  digestive  juices. 
The  air  which  happens  to  be  swallowed  with  the  food  yields  up  its 
oxygen  in  the  alimentary  canal,  and  receives  in  its  place  carbonic 
acid  (Chap.  IV.) ;  hence,  in  the  large  intestine,  it  is  chiefly 
nitrogen  and  cai'bonic  acid  which  are  found.  The  essential 
chemical  changes  of  digestion  chiefly  concern  certain  insoluble,  or 
dissolved  but  hardly  diffusible,  organic  bodies,  which  rank  among 
the  most  important  elements  of  food  ;  viz.  carbohydrates  (especially 
starch) ;  albumins  (albumin,  fibrin,  the  substance  of  muscle, 
casein,  &c.),  both  soluble  and  insoluble  modifications ;  gelatin ; 
and  fats.  These  substances  must  be  converted  into  some  form 
which  admits  of  absorption. 
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Herbivores  appear  to  possess  some  arraugement  for  the  digestion  of  cellulose, 
probably  for  its  conversion  into  sugar.  We  are  led  to  the  supposition  of  a  di- 
gestion of  cellulose  in  such  cases  by  a  consideration  of  the  large  amount  of  it 
contained  in  vegetable  foods,  and  the  almost  complete  absence  of  it  from  other 
nutrient  substances  which  seem  nearly  incapable  of  supporting  life  in  those 
animals.  In  man,  also,  it  has  recently  been  observed  that  the  cellulose  taken 
into  the  body  along  with  food  cannot  be  completely  recovered  from  the  faeces 
(Henneberg  and  Stohmann,*  AVeiske).  It  is  not  Imo^vn  which  secretion  acts 
upon  it.  The  cuticular  substances,  also,  which  are  said  to  contribute  to  the 
building  up  of  hippuric  acid,  must  undergo  digestion  in  the  alimentary  canal  of 
herbivores,  while  they  are  indigestible  by  carnivores. 

In  the  cavity  of  the  mouth  food  is  saturated  with  the  alkaline 
fluid  resulting  from  the  mixture  of  saliva  from  the  parotid,  sub- 
maxillary and  sublingual  glands  with  mucus  from  the  mouth. 
This  saturation  affords  opportunity  (1)  for  the  solution  of  soluble, 
but  as  yet  undissolved,  portions  of  food  {e.g.  salts,  sugar),  and  (2) 
for  the  conversion  of  the  starch  contained  in  the  food  into  dextrin 
and  grape-sugar.  This  conversion  begins  while  the  food  is  yet  in 
the  mouth  and  is  continued  in  the  stomach  if  the  quantity  of  acid 
there  is  not  sufficient  to  retard  it. 

In  the  stomach  the  following  operations  take  place:  (1)  An 
intimate  mingling  of  all  portions  of  the  food  with  one  another  and 
with  the  secretion  of  the  gastric  glands,  viz.  mucus  and  gastric 
juice.  As  the  latter  has  an  acid  reaction,  the  previously  alkaline 
mixture  becomes  for  the  most  part  neutralised  or  acidified.  Many 
constituents  of  it,  which  were  before  undissolved,  undergo  solution 
in  the  stomach,  especially  such  salts  as  are  only  soluble  in  the  pre- 
sence of  an  acid,  as,  for  instance,  the  carbonates  and  phosphates  of 
the  alkaline  earths.  (2.)  The  conversion  of  starch-mucilage  into 
sugar  by  means  of  the  swallowed  saliva,  which  continues  as  long  as 
the  acid  reaction  is  not  too  strong.  (3.)  The  modification  of 
albuminous  bodies,  which  is  the  chief  change  effected  in  the 
stomach.  Fibrin,  and  the  substance  of  muscle,  reach  the  stomach 
almost  always  in  an  insoluble  form ;  albumin  is  sometimes  soluble 
and  sometimes  insoluble  {e.g.  boiled  white  of  egg),  as  also  is  casein, 
which  is  dissolved  in  milk,  and  undissolved  in  cheese.  Dissolved 
casein  is,  however,  precipitated  by  the  gastric  juice  immediately 
on  its  entrance  into  the  stomach.  As  a  rule,  therefore,  both 
soluble  and  insoluble  modifications  of  albumin  are  submitted  to 
the  action  of  the  gastric  juice.  Under  the  influence  of  the  acid  of 
the  gastric  juice  undissolved  albumins  swell  up  in  the  stomach, 
and  thereupon  become  dissolved  by  means  of  the  pepsin  and  con- 
verted for  the  most  part  into  peptones  (p.  53).  Soluble  and  in- 
soluble albuminous  substances  are  equally  well  digested  (Fick). 
Gelatin,  also,  and  gelatigenous  tissues  (connective  tissue,  the  stroma 
of  bone)  are  converted  in  the  stomach  into  an  ungelatinizable  solu- 

1  TIenneberg  u.  Stohmann,  Bdtriige  zur  rat.  FuUvrmiq  der  Wkdcrkduer.  Bniunsclnvcic 
1860.  ^ 
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tion.  It  is  not  certain  wliether  the  time  during  which  food  re- 
mains in  the  stomach  is  sufficient  for  the  completion  of  the  above- 
mentioned  changes  ;  but,  after  a  liberal  allowance  of  food  has 
been  taken,  quantities  of  unaltered  starch  and  undissolved 
albuminous  substances  pass  into  the  intestine.  The  contents  of 
the  stomach  after  passing  into  the  intestine  form  a  pulp,  for  the 
most  part  acid,  which  is  called  chyme. 

Natural _dio;estion  ia  the  stomach  has  been  observed,  in  man,  throuf^h  gastric 
fistulee  which  have  been  the  result  of  accident  (Beaumont  Bidder  and 
Schmidt '^),  and,  in  the  lower  animals,  through  fistulae  which  have  been  made 
artificially.  Observations  have  also  been  made  upon  food  which '  had  been  en- 
closed in  network  _  bags  and  swallowed,  and,  after  having  remained  in  the 
stomach  for  a  certain  time,  withdrawn  by  meaqs  of  an  attached  string.  From 
experiments  with  natural  or  artificial  gastric  juice  at  the  temperature  of  the 
body  (artificial  digestion),  many  confirmations  of  the  processes  which  go  on  in 
the  stomach  have  been  obtained. 

In  the  intestine  the  acid  chyme  comes  into  contact  with 
secretions  which  are  entirely  alkaline,  viz.  with  bile  and  pan- 
creatic juice  in  the  duodenum,  and  with  intestinal  juice  in  the 
whole  intestine.  This  must  bring  about,  in  the  first  place,  a 
change  in  the  reaction,  which  occurs  earlier  in  those  portions  of 
the  contents  of  the  intestine  touching  the  walls  than  in  those 
which  are  nearer  the  centre.  Towards  the  middle  of  the  small 
intestine  the  change  is  complete,  and  the  reaction  is,  therefore,  at 
that  point  alkaline.  Although  the  properties  of  each  of  the 
alimentary  secretions  are  separately  known  (as  was  seen  in  the 
preceding  chapter"),  little  has  been  discovered  concerning  their 
action  when  mixed  together  in  their  normal  condition.  It  has 
been  shown  that  intestinal  digestion,  so  far  as  it  concerns  the 
chemical  changes  of  the  contents  of  the  intestines,  and  not  their 
absorption,  produces  the  same  effect  on  the  yet  unaltered  starch 
and  undissolved  albuminous  and  gelatinous  portions  of  the  chyme 
as  digestion  in  the  preceding  parts  of  the  alimentary  canal.  The 
starch,  therefore,  is  converted  into  sugar,  and  the  albuminous  sub- 
stances and  gelatin  into  soluble  peptones.  It  is  also  known  that 
the  fats,  which  have  hitherto  remained  unaltered,  are  here  pre- 
pared for  absorption.  The  formation  of  sugar  out  of  starch  must 
be  ascribed  to  the  pancreatic  juice,  as  the  saliva  from  the  mouth 
can  no  longer  with  certainty  be  shown  to  be  present.  Solution  of 
the  albuminous  bodies  is  effected  most  probably  by  the  pancreatic 
and  intestinal  juices,  as  the  activity  of  the  gastric  juice  which 
reaches  the  intestine  is  destroyed  by  the  bile  (p.  141.)  Peptones 
are  in  part  further  decomposed  in  the  intestine  (p.  143),  for 
which  purpose  their  precipitation  by  the  bile  (p.  141)  appears  to 
be  of  importance,  as  they  would  be  otherwise  too  quickly  absorbed. 
As  the  result  of  this  further  decomposition,  leucine  and  tyrosine 

1  William  Beaumont,  Experiments  and  Observations  on  the  Gastric  Juice  and  the 
Phrjs  ology  of  Uigestiim.    Boston,  1834;  Ecliuburj;li,  1838. 

2  Bidder  u.  Schmidt,  Die  Verdauungss'dfte  und  der  Stojffwechsel.    Leipzig,  1852. 
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are  formed,  and  since  they  cannot  be  discovered  in  the  faeces,  are 
probably  soon  afterwards  absorbed.  Other  products  of  the  decom- 
position help  to  form  the  faaces.  Finally,  fats  are  converted  into 
a  very  fine  emulsion  by  the  pancreatic  j uice  (and  probably  also  by 
bile  and  intestinal  juice),  in  which  form  they  are  fitted  for  absorp- 
tion. A  portion  of  the  fats  is  decomposed  by  the  pancreatic  juice 
into  fatty  acids  and  glycerin,  which  are  also  soluble  and  capable  of 
absorption.  The  last  named  effect  of  pancreatic  juice  does  not  ap- 
pear to  occm-  until  the  contents  of  the  intestine  have  assumed  an 
alkaline  reaction,  i.e.  until  the  lower  half  of  the  small  intestine 
has  been  reached.  The  fatty  acids  resulting  from  the  decomposi- 
tion combine  with  alkalies  to  form  soaps,  which,  in  their  turn,  aid 
in  the  emulsionization  of  the  remaining  portion  of  the  fats  (Briicke). 

Besides  the  above  decompositions,  which  are  of  the  highest  importance  for 
j*hsorption,  others  occur  which  are  of  no  moment  apparently  in  the  promotion 
of  that  process.  Thus,  caue  sugar,  when  taken  into  the  body,  is  converted  into 
grape  sugar  owing  (according  to  Paschutin)  to  a  peculiar  ferment  of  the  intes- 
tinal juice.  Grape  sugar,  both  when  taken  as  food  and  when  formed  in  the 
course  of  digestion,  as  well  as  milk  sugar,  are  in  part  changed  into  lactic  acid 
prior  to  absorption,  this  change  taking  place  while  they  are  yet  in  the  stomach. 
Alcoholic  and  butyric  acid  fermentations  also  occur,  but  probably  only  imder 
abnormal  conditions.  The  gases  which  are  yielded  in  these  fermentations  are 
principally  carbonic  acid  and  hydrogen,  but  sometimes  also  light  carbm-etted 
hydrogen  (marsh  gas).  The  intestinal  gases,  therefore,  consist  chiefly  of  car- 
bonic acid,  nitrogen,  and  hydrogen  (Chapter  TV.)  Salts  of  the  organic  acids, . 
moreover,  are  said  to  become  entirely  or  in  part  converted  into  carbonates 
while  yet  in  the  intestine  (Magawly).  The  fatty  acids  resulting  from  the  de- 
composition of  fats  are  further  split  up,  yielding  gases  and  volatile  products, 
which,  together  with  the  ill-odoured  bodies  formed  during  pancreatic  digestion 
(p.  142),  endow  the  otherwise  almost  odourless  contents  of  the  small  intestine 
with  their  characteristic  faecal  smell.  The  conjugate  bile-acids  undergo  a 
hydrolytic  decomposition  in  the  small  intestine,  probably  under  the  influence 
of  the  pancreatic  juice  ;  glycocine  or  taurine,  as  the  case  may  be,  and  cholic 
acid,  are  the  products,  and  the  latter  passes  into  the  fteces  partly  in  the  form 
of  its  anhydrides,  choloidic  acid  and  dyslysin.  There  are  for  the  most  part 
several  juices  able  to  eftect  each  of  the  chief  chemical  transformations  which 
occur  in  the  intestine  ;  thus,  digestion  is  not  materially  impaired  when  the  co- 
operation of  the  pancreas  in  its  operations  is  prevented  by  occluding  its  duct 
by  injecting  paraffin  into  it  (Schiff). 

In  consequence  of  the  cliemical  changes  which  have  just  been 
described,  and  of  the  succeeding  absorption  of  fats  and  all  those 
constituents  which  were  soluble  or  had  been  rendered  soluble,  the 
contents  of  the  small  intestine  become  considerably  altered  in 
composition  as  they  pass  along  the  alimentary  canal.  Starch  and 
the  insoluble  albuminous  bodies  which  were  still  present  at  the 
commencement  of  the  intestine  gradually  disappear,  and  instead 
of  them  we  meet  with  sugar,  lactic  acid,  peptones,  leucine  and 
tyrosine.  The  larger  globules  and  masses  of  fat,  also,  which  at 
first  were  mingled  with  the  other  substances,  are  no  longer  found, 
having  formed  an  emulsion.  The  colour  is  yellow  or  yellowish 
brown,  owing  to  the  admixture  of  biliary  colouring  matters.  Finally, 
all  the  dissolved  diffusible  matters  and  fats  disappear  entirely  from 
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the  mass,  and  the  amount  of  water  present  becomes  continually 
less  and  less,  until  at  the  extremity  of  the  small  intestine  nothing 
is  found  but  the  constit'ients  of  the  faeces,  already  possessing  the 
characteristic  odour  on  account  of  the  above-mentioned  decom- 
positions and  fermentations. 

In  the  large  intestine  the  digestive  processes  {i.e.  the  prepara- 
tion for  absorption)  become  less  and  less  apparent.  No  new  secre- 
tions are  added,  except  the  intestinal  juice,  which  is  formed  here 
also,  and  absorption  is  restricted  to  water,  the  result  being  a  con- 
centration of  the  contents.  In  the  human  subject  an  absorption 
of  albumin  without  its  undergoing  any  preliminary  changes  has 
been  observed  to  occur  (Czerny  u.  Latschenberger 

Observations  on  intestinal  digestion  are  made  chiefly  witli  the  aid  of  intes- 
tinal fistulse  occurring  in  man,  allowing  the  contents  of  the  intestine  to  1)6 
withdrawn  and  the  bodies  to  be  digested  to  be  inserted  in  little  muslin  bags, 
aad  after  sojoiu'ning  in  the  intestine  for  some  time,  to  be  removed.  When  an 
intestinal  fistula  communicates  with  the  large  intestine,  the  name  of  '  artificial 
anus '  is  applied  to  it.  In  cases  where  the  fistula  is  situated  near  the  lower  part 
of  the  alimentaiy  canal,  the  changes  which  the  injected  substances  have  imder- 
gone  on  their  passage  to  the  anus  may  be  studied  (see  Ohap.  II.) 

At  the  end  of  the  alimentary  canal,  the  contents  consist  of 
faeces  and  intestinal  gases.  The  former  are  composed  of  the  im- 
absorbed  residue  of  the  food  and  of  the  intestinal  secretions. 
As  a  rule  the  reaction  of  the  faeces  is  acid,  though  sometimes  it  is 
neutral  or  alkaline  ;  they  contain  water  (about  75  per  cent.), 
biliary  constituents  (altered  bilirubin — which  gives  the  colour  to 
the  faeces — cholic  and  choloidic  acids,  dyslysin,  cholesterin),  a 
somewhat  doubtful  substance  called  excretin  (C-gH,5gSOo?  Marcet), 
buccal  epithelium,  fats,  soaps,  albumin  (?),  indol,  volatile  fatty 
acids,  salts,  &c. ;  further,  according  to  the  quality  and  amount  of 
the  food,  the  faeces  contain  starch,  vegetable  tissues,  muscular 
fibres,  elastic  fibres,  &c.,  and,  in  the  lower  animals,  hairs,  bones, 
&c.  The  peculiar  foecal  odour  depends  upon  the  presence  of  indol 
and  volatile  fatty  acids. 

For  the  quantitative  relations  of  the  faeces  to  the  other  sources  of  loss  to  the 
body,  consult  Ohap.  VI.] 

The  chemical  processes  of  digestion  have  throughout  the  cha- 
racter' of  hydrolytic  decompositions  (Hermann),  as  a  comparison 
of  the  results  of  digestion  with  the  bodies  submitted  to  that 
process  will  show.  These  decompositions  not  only  appear  to  be 
favourable  to  absorption,  inasmuch  as  their  products  are  for  the 
most  part  more  diffusible  than  the  original  substances ;  but  they 
seem  to  have  far  more  important  functions  in  '  assimilation  '  or 
the  construction  of  the  constituent  parts  of  the  body  out  of  the 
nutritive  materials.  (Concerning  this  matter  consult  Chapters  V. 
and  VI.) 


1  Virclww's  Archil;  vol.  lix.  p.  161  ;  Journ.  of  Anat.  nf  Phys.  vol.  viii.  y. 
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II.  THE  MECHANISM  OF  THE  DIGESTIVE 
APPARATUS. 

The  mechanical  operations  of  the  digestive  apparatus  compre- 
hend: 1.  The  introduction  of  the  food  into  the  mouth,  its  pro- 
pulsion along  the  alimentary  canal,  and  the  evacuation  of  the 
f^ces.  2.  The  mechanical  preparation  for  absorption,  viz.  the 
breaking  down  of  solid  foods  and  their  intimate  mixture  with  the 
various  fluids  destined  to  effect  their  chemical  preparation  (masti- 
cation, insalivation,  &c.)    These  processes  go  on  side  by  side. 

The  introduction  of  food  is  accomplished,  in  the  case  of  fluid 
substances,  by  a  combination  of  the  acts  of  pouring  into  the  mouth 
and  sucking  up  by  means  of  it  (drinking);  and  in  the  case  of 
solid  substances  by  placing  small  pieces  behind  the  lips  and  teeth, 
or  by  cutting  or  biting  off  small  pieces  from  a  larger  piece  by 
means  of  the  incisors. 

Mastication,  or  the  breaking  down  of  the  firmer  portions, 
begins  immediately  after  the  introduction  of  a  piece  of  solid  food 
into  the  mouth.  It  commences  with  a  division  of  the  food,  bv 
means  of  the  knife-like  incisor  teeth,  into  small  pieces,  which  are 
thereafter  ground  down  between  the  irregular  sui'faces  of  the  molar 
teeth  at  the  back  of  the  mouth.  The  operation  of  cutting  is 
effected  by  an  up  and  down  movement  of  the  lower  jaw,  i.e.  by  a 
rotation  of  it  about  a  horizontal  axis  passing  through  its  two  arti- 
culations. The  upward  movement  is  produced  by  the  masseter, 
temporal  and  internal  pterygoid  muscles,  and  the  downward  move- 
ment by  the  weight  of  the  lower  jaw,  and  by  the  action  of  the 
digastric,  mylo-hyoid  and  genio-hyoid  muscles,  the  hyoid  bone 
being  kept  firm  by  the  omo-hyoid,  sterno-hyoid,  thyro-hyoid,  and 
sterno-thyroid  muscles.  The  grinding  is  produced  by  a  motion  of 
the  articular  condyles  of  the  inferior  maxillary  bone  in  their  sockets 
in  such  a  manner  that  the  lower  jaw  is  displaced  with  respect  to 
the  upper  jaw  in  an  anterior,  posterior  and  lateral  direction.  This 
is  accomplislied  in  particular  by  the  two  pterygoid  muscles.  The 
morsels  of  food  are  continually  pushed  between  the  teeth  by  the 
muscles  of  the  cheeks  and  lips,  especially  by  the  buccinator  on  the 
outside,  and  by  the  tongue  within.  The  latter,  moreover,  has  the 
power  of  crushing  down  softer  portions  of  food  by  pressing  and 
rubbing  them  against  the  hard  palate.  During  digestion  the  food 
is  intimately  mixed  with  the  fluids  of  the  mouth  (saKva  and 
mucus)  and  forms  a  plastic  pulp. 

The  nerves  which  control  these  actions  are,  for  the  proper 
masticatory  muscles,  the  inferior  maxillary  branch  of  the  fifth 
(particularly  its  superior  division)  and  for  the  tongue  and  a  por- 
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tion  of  the  abductors  of  the  lower  jaw,  the  liy|30glossal.  The  centre 
for  the  co-ordinated  masticatory  movements  is  situated  in  the 
medulla  oblongata  (Schroder  van  der  Kolk). 

In  many  animals  the  action  of  the  saliva,  and,  in  part  also,  the  breaking 
down  of  the  food,  are  continued  in  certain  apparatus  connected  with  the  stomach; 
as,  for  example,  in  the  first  three  stomachs  of  ruminants  (rumen,  reticulum,  and 
psalterium),  from  the  first  two  of  which  the  imperfectly  masticated  food  passes 
into  the  mouth  before  being  ti-ansferred  to  the  third ;  in  the  crop  and  gizzard  of 
many  birds  ;  in  the  masticatory  stomach  of  beetles  ;  in  the  toothed  stomach  of 
crabs,  &c. 

The  propulsion  of  solids  and  fluids  along  the  alimentary  canal 
is  effected  by  the  contraction  of  the  circular  and  longitudinal 
muscles  of  its  walls,  which  takes  place  in  such  a  manner  that  the 
diminution  or  closure  of  the  lumen  of  the  canal  drives  the  contents 
before  it  in  a  direction  from  the  mouth  to  the  anus.    These  pro- 
pulsive contractions  are  called  peristaltic  movements;  or,  when 
occurring  in  the  first  portion  of  the  alimentary  canal  from  the 
mouth  to  the  oesophagus — in  which  case  they  are  eflfected  by 
voluntary  muscles — swallowing.    In  the  act  of  swallowing  two 
stages  are  distinguished: — 1.  The  bolus  of  food  situated  on  the 
anterior  part  of  the  tongue,  which  forms  a  groove  with  concavity 
upward,  is  pushed  along  towards  the  anterior  arch  of  the  fauces 
by  tlie  progressive  application  of  the  tongue  to  the  hard  palate 
from  before  backwards.    2.  a.  The  anterior  pillars  of  the  fauces 
close-to  by  the  contraction  of  the  palato-glossal  muscles,  and,  at 
the  same  time,  the  root  of  the  tongue  approaches  the  velum  palati. 
h.  The  posterior  pillars  of  the  fauces,  also,  with  the  aid  of  the 
uvula,  close-to  and  block  up  the  passage  between  them,  and  the 
whole  velum  is  then  drawn  upwards  and  backwards  and  apposed 
to  the  posterior  wall  of  the  pharynx  by  means  of  the  pharyngo- 
palati  and  the  levator  and  circumflexus  palati.    c.  The  hyoid  bone 
and  the  larynx  are  approximated  by  the  action  of  the  thyro- 
hyoidei,  and  drawn  strongly  forwards  and  upwards  by  the  genio- 
hyoidei,  mylo-hyoidei,  and  the  anterior  bellies  of  the  digastric 
muscles,  the  lower  jaw,  which  is  kept  apposed  to  the  upper  by  the 
muscles  of  mastication,  being  the  fixed  point.    By  this  means  the 
root  of  the  tongue  is  bent  backwards  and  pressed,  together  with 
the  epiglottis,  upon  the  opening  of  the  larynx.    By  the  actions 
given  under  a,  a  return  of  the  food  into  the  cavity  of  the  mouth 
is  prevented  ;  by  those  under  6,  its  passage  into  the  pharyngeal 
cavity  and  the  nose ;  and  by  those  under  c,  its  passage  into  the 
larynx.    The  morsel,  therefore,  propelled  by  the  progressive  con- 
traction of  the  constrictors  of  the  pharynx  and  the  stylo-  and 
salpingo-pharyngei,  has  no  way  left  for  it  except  into  the  oeso- 
phagus.   While  in  the  neighbourhood  of  the  tonsils,  which  are 
rich*' in  mucous  glands,  it  becomes  slimed  over  with  mucus,  and 
its  further  movement  is  thereby  facilitated.    The  bolus  makes  its 


DEGLUTITION.    THE  MOUTH  AND  TONGUE. 


179 


way  through  the  oesophagus  to  the  stomach,  partly  owing  to  its 
weight,  chiefly,  however,  aided  by  the  peristaltic  movements  which 
in  the  lower  two-thirds  of  the  oesophagus  are  effected  entirely  by 
involuntary  muscular  fibres. 

The  propulsive  movements  of  the  alimentary  canal  are  occa- 
sioned only  by  the  stimulus  of  its  contents.  They  appear,  there- 
fore, to  be  induced  in  a  reflex  manner.  The  movements  of  deglu- 
tition, for  example,  only  occur — but  then  always — when  a  foreign 
body  is  placed  behind  the  soft  palate.  They  take  place,  therefore, 
whenever  the  posterior  surface  of  the  velum  palati,  the  epiglottis, 
&c.,  are  touched.  Hence  the  simple  act  of  swallowing  can  only 
be  voluntarily  performed,  in  the  absence  of  other  stimuli,  by 
bringing  some  saliva  behind  the  soft  palate ;  and  this  explains 
why  it  is  only  possible  '  to  swallow  nothing '  a  few  times  in  succes- 
sion, viz.  only  as  long  as  there  is  any  saliva  in  the  mouth.  The 
nerves  which  supply  the  muscles  engaged  in  deglutition  are :  the 
nerves  of  mastication  engaged  in  closing  the  jaws,  the  hypoglossal 
nerve  for  the  tongue,  the  pharyngeal  plexus  (formed  from  the 
glosso-pharyngeal,  the  spinal  accessory,  and  the  sympathetic  nerves) 
for  the  pharynx,  and  branches  of  the  vagus  for  the  oesophagus. 
The  tensor  palati  and  the  mylo-hyoid  muscles  are  supplied  by  the 
fifth  nerve.  The  sensory  fibres,  which  lead  to  reflex  movements  of 
deglutition,  are  contained  in  the  palatine  branches  of  the  fifth, 
and  in  the  pharyngeal  branch  of  the  vagus  (Waller  and  Prevost) ; 
and  the  centre  for  their  movements  is  situated  in  the  olivary  bodies 
in  the  medulla  oblongata  (Schroder  v.  d.  Kolk).  That  the  pro- 
gressive contractions  of  the  oesophagus  which  occur  in  deglutition 
do  not  depend  upon  the  stimulation  of  the  advancing  bolus,  but 
are  the  result  of  a  central  co-ordination,  is  evident  from  the  fact 
that  the  wave  of  contraction  travels  over  ligatures  or  even  excised 
portions  of  oesophagus  (Mosso). 

Ordinaiily,  i.e.  when  the  mouth  is  shut,  the  inferior  maxilla  and  the  tongue 
are  supported  hy  atmospheric  pressure ;  the  buccal  cavity  is  closed  in  front  by 
the  lips ;  behind,  it  is  hennetically  shut  off  from  the  respiratory  passage  by  the 
soft  palate  stretched  over  the  root  of  the  tongue,  and  it  has  a  negative  pressure 
corresponding  to  2  to  4  millimetres  of  mercury  (Mezzer,  Bonders). 

The  tongue  as  a  whole  is  drawn  downwards  and  somewhat  forwards  by  the 
genio-glossal,  downwards  and  backwards  by  the  hyo-glossal,  and  upwards  and 
backwards  by  the  palato-glossal  and  stylo-glossal  muscles.  All  these  muscles, 
as  well  as  the  lingualis,  traverse  the  substance  of  the  tongue  in  a  vertical,  trans- 
ver.se,  or  longitudinal  direction,  By  their  contraction  in  various  combiuationR, 
the  tongue  is  able  to  assume  the  most  diverse  forms;  thus,  flattening  is  produced 
by  contraction  of  the  vertical  fibres  ;  extension  and  thickening  by  contraction  of 
the  vertical  and  transverse  fibres ;  shortening  by  contraction  of  the  longitudinal 
fibres ;  channelling  of  the  upper  surface  by  contraction  of  the  transverse  and  the 
inner  set  of  the  vertical  fibres ;  arching  of  the  upper  surface  by  contraction  of 
the  inferior  transverse  fibres ;  lateral  flexion  of  the  tip  by  contraction  of  the 
longitudinal  fibres  of  one  side,  Szc 

Even  in  the  absence  of  the  epiglottis,  the  closure  of  the  opening  into  tIio 
larynx  can  be  effected,  but  less  securely,  by  the  root  of  the  tongue.    The  recess 
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or  pouch  between  the  root  of  the  tongue  and  the  epiglottis  is  so  completely 
closed  during  the  act  of  swallowing,  that  no  portion  of  the  fluids  swallowed  is 
able  to  enter  it,  as  may  be  proved  by  the  absence  from  it  of  any  colouration 
after  coloured  liquids  have  been  drunk. 

Dogs  can  even  swallow  an  object  which  is  loaded  with  a  weight  of  250  to 
450  grammes  (Mosso). 

In  the  stomach  the  larger  portions  of  food  remain  for  a  longer 
time.  The  movements  which  take  place  there  are  not  as  yet  well 
imderstood.  This  much  may  however  be  said  :  on  the  one  hand 
the  various  parts  of  the  contents  of  the  viscus  must  be  kneaded 
together  and  intermixed,  and  the  internal  portions  thus  made  to 
come  into  contact  with  its  walls ;  and,  on  the  other,  the  food  must 
be  driven  along  the  stomach  and  finally  through  the  pylorus. 
The  latter  result  is  effected  by  the  peristalsis,  which  occurs  in  every 
part  of  the  alimentary  canal.  How  these  two  varieties  of  move- 
ment are  produced,  and  how  they  change  one  into  the  other,  is 
almost  unknown.  In  all  probability  the  gastric  walls  are  usually 
contracted  closely  upon  their  contents.  The  muscular  fibres, 
which  are  present  in  greater  numbers  around  the  cardia  and 
pylorus,  ordinarily  keep  those  orifices  closed.  The  constant  closure 
of  the  former  has,  however,  been  recently  disputed  (Griannuzzi). 
The  closure  of  the  pylorus  is  firmest  at  the  commencement  of 
digestion,  relaxing  gradually  as  it  proceeds  so  as  to  allow  the 
passage  into  the  intestine,  first  of  fluids,  then  of  chyme-pulp,  and 
finally  even  of  solid  material.  The  stomach,  in  course  of  becom- 
ing filled,  rotates  about  a  horizontal  axis  passing  through  the 
cardiac  and  pyloric  openings,  in  such  a  manner  that  the  great 
curvature,  which  usually  hangs  down,  is  turned  forwards.  This  is 
not  produced  by  any  muscular  action,  but  is  a  purely  mechanical 
effect.  Grases,  which  are  swallowed  with  the  food  or  are  evolved 
in  the  stomach,  pass  out  for  the  most  part  through  the  cardiac 
opening,  which  lies  highest.  The  movements  of  the  stomach  are 
said  to  cease  during  sleep  (Busch). 

Concerning  the  nerves  implicated  in  the  movements  of  the 
stomach,  all  that  is  known  is  that  stimulation  of  the  vagi  occa- 
sions (though  not  always)  contractions  of  the  stomach ;  and  that 
section  of  the  vagi  materially  interferes  with  the  progress  of  the 
food  out  of  the  stomach.  Some  influence  is  even  ascribed  to  the 
sympathetic.  It  is  unknown  whether  the  above-mentioned  nerves 
occasion  the  normal  movements  or  merely  regulate  them,  they 
being  initiated  in  local  centres. 

In  the  frog  the  movements  of  the  oesophagus  and  stomach  become  very  lively 
after  section  of  the  vagi  or  destruction  of  the  cerebro-spinal  organs,  so  that  an 
inhibitory  influence  appears  to  be  exerted  by  the  vagi  (Goltz'). 

Peristaltic  movement  is  most  marked  in  the  small  intestine. 
It  is  associated  with  a  varying  disposition  of  the  coils  of  the  whole 

1  Goltz,  'Studien  ilber  die  Bewegunjren  der  Speiserohre  und  des  Magens  des  Frosches.' 
rjluger's  Archiv.    Vol.  vi.  (1872)  pp.  616-642. 
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intestine,  except  the  closely  confined  duodenum,  and  is  constantly 
directed  towards  the  anus.  It  gradually  propels  the  somewhat 
fluid  contents,  as  well  as  the  enclosed  gases,  until_  they  pass  into 
the  caecum.  Movement  in  an  opposite  direction  is  hindered  by 
the  valvular  folds  of  the  intestinal  mucous  membrane,  and  a  re- 
turn into  the  small  intestine  from  the  csecum  (the  special  object 
of  which  is  unknown)  is  prevented  by  the  ileo-caecal  valve,  a  fold 
of  the  intestinal  wall. 

In  the  large  intestine  peristalsis  takes  place  very  slowly,  the 
contents  being  therefore  able  to  remain  in  the  sinus-like  dilata- 
tions of  the  colon  for  a  longer  time.  After  continuing  there  until, 
by  the  loss  of  their  fluid  constituents,  they  have  assumed  the 
characters  of  faeces,  the  contents  reach  the  sigmoid  flexure,  and 
finally  the  rectum. 

Evacuation  of  the  faices  from  the  rectum  takes  place,  as  a  rule, 
at  intervals  of  twenty-four  hours.  Besides  the  peristaltic  move- 
ment of  the  intestinal  tube,  the  pressure  of  the  abdominal  muscles 
plays  an  important  part  in  the  operation.  (Concerning  this 
mechanism,  see  Chap.  IV.)  The  sphincters  of  the  rectum  are 
habitually  closed  ;  their  contraction,  and  when  this  ceases,  their 
elasticity,  is  overcome  by  the  force  of  the  down-pressed  faeces ;  the 
levator  ani  exerts,  in  virtue  of  its  fibres  which  encircle  the  rectum, 
a  compressing  action  upon  the  rectum,  whereby,  on  the  one  hand, 
it  can  co-operate  with  the  external  sphincter,  and  on  the  other 
help  to  empty  the  rectum  when  the  sphincter  is  relaxed  (Budge). 
In  addition,  the  levator  ani,  by  stretching  the  pelvic  fascia,  fur- 
nishes the  resistance  necessary  for  the  effective  down-pressure  of 
the  abdominal  muscles. 

The  nervous  mechanism  presiding  over  the  peristaltic  move- 
ments of  the  intestine  is  yet  hidden  in  darkness.  Seeing  that  these 
movements  occur  even  in  separated  pieces  of  intestine,  it  is  sur- 
mised that  they  depend  directly  upon  centres  situated  in  the  in- 
testinal wall  itself,  which  contains  ganglionic  interlacements  both 
in  the  mucous  membrane  (submucous  plexus  of  Meissner)  and  in 
the  muscular  coat  between  the  longitudinal  and  circular  fibres 
(plexus  myentericus  of  Auerbach). 

Direct  stimulation  of  the  intestine  occasions  local  contractions 
which  occasionally  progress  peristaltieally.  The  movements  of  the 
small  intestine  are  intensified  by  stimulation  of  the  vagus  (not 
constantly),  of  the  coeliac,  mesenteric,  hypogastric  plexuses,  of  the 
sympathetic  cord  and  of  the  spinal  cord,  whilst  they  are  inhibited 
by  excitation  of  the  splanchnic  nerves  (Pfliiger). 

The  movements  of  the  intestine  cease  in  warm-Wooded  animals  if  the  tem- 
perature sinks  below  19°  0. :  they  become  more  active  as  the  temperature  in- 
creases; interruption  of  the  flow  of  blood  to  the  organ  stops  them  (Horvath  i). 
As  in  the  ureter,  the  transmission  of  peristalsis  in  the  intestines  is  considered 


1  Horvath,  Centralblatt  f.  d.  med.  yVissenschaft.    1873,  p.  597. 
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to  be  due  to  direct  muscular  conduction  (Engelmann  and  van  Brakel  The 
circumstance  of  transmission  taking  place  in  one  direction  only  is,  however, 
opposed  to  this. 

The  movements  of  the  intestine  are  stopped  by  saturating  the  blood  with 
oxygen,  and  increased  during  suffocation.  They  are,  probably  for  this  reason, 
very  active  immediately  after  death.  It  woidd  seem  that  the  stimulus  leading 
to  the  liberation  of  the  intestinal  movements,  analogous  to  that  causing  the 
movements  of  respiration,  is  dependent  upon  the  venous  state  of  the  blood  in 
the  intestinal  vessels  (S.  Mayer  and  von  Basch^). 

The  splanchnics  are,  at  the  same  time,  the  vaso-motor  nerves  of  the  intes- 
tine ;  irritation  of  them,  therefore,  occasions  a  diminution  in  the  amount  of 
blood  flowing  to  the  viscera.  This  may  possibly  explain  the  inhibition  of  peri- 
stalsis, which  it  also  produces.  For  the  rest,  if  the  intestinal  vessels  are  emptied, 
e.g.  by  compressing  the  aorta,  increased  movement  results,  which  ceases  on  again 
injecting  the  vessels  with  some  fluid  (0.  Nasse  After  death,  or,  more  exactly, 
at  a  time  when  the  vessels  are  paralysed,  and  the  capillai-ies  contain  venous 
blood  (Mayer  and  von  Basch),  irritation  of  the  splanchnics  and  irritation  of  the 
vagi  both  produce  intestinal  movements.  The  effects  of  irritation  of  vagi  are 
contested,  or  ascribed  to  the  contraction  of  the  stomach,  which  drives  the  con- 
tents into  the  intestine  (van  Braam  Houckgeest  ^). 

The  occurrence  of  anti-peristaltic  movements  of  the  intestine,  although  fre- 
quently maintained,  is  not  yet  proved.  Vomitiuir,  i.e.  the  evacuation  of  the 
contents  of  the  stomach  through  the  mouth,  consists,  not  in  an  active  contrac- 
tion of  the  stomach,  but  in  the  compression  of  it  by  the  contraction  of  the  dia- 
phragm and  the  abdominal  muscles  ''Magendie  This  is  shown  by  the  fact 
that  vomiting  is  still  possible  after  the  suljstitution  of  a  bladder  in  place  of  the 
stomach  (Magendie).  It  is,  however,  necessary  for  the  success  of  this  experi- 
ment to  remove  the  cardia  and  the  lowest  portion  of  the  oesophagus  along  with 
the  stomach  (Fantini,  Schiff  **).  Vomiting,  moreover,  can  no  longer  take  place 
after  poisoning  \>j  curare,  which  paralyses  voluntary  motion,  while  it  leaves  in- 
tact the  nerves  going  to  the  stomach  (Giannuzzi 'j.  Active  movements  of  the 
Btomach,  consisting  especially  of  an  active  opening  of  the  cardiac  orifice  (Schiff), 
may  be  observed  in  an  exposed  stomach  during  the  then  unsuccessful  attempts 
at  vomiting.  This  opening  of  the  cardiac  oriiice  is  necessary  before  vomiting 
can  occur.  The  central  nervous  organ  for  the  act  of  vomiting  is  closely  allied 
to  the  respiratory  centre.  Emetics  prevent  the  occurrence  of  apnoea  (Ohap.  IV.), 
and  strong  artificial  respiration  prevents  vomiting.  It  would  seem,  therefore, 
as  if  emetics  had  the  power  of  strongly  irritating  the  respiratory  centre  (Grimm  . 
This  irritation  also  results,  from  an  action  of  centripetal  nerves,  on  injection  of 
the  emetic  into  the  blood  (Kleimann  and  Simonowitsch^).  This  irritation  is 
even,  when  emetics  are  introduced  into  the  blood,  chiefly  due  to  the  agency  of 
centi'ipetal  nerves  (Kleimann  and  Simonowitsch)  •,  there  appear,  however,  to 
exist  some  emetics  which  exert  a  directly  central  action,  especially  apomorphia. 
Very  closely  related  in  their  mechanism  to  the  act  of  vomiting  are  the  pheno- 
mena of  eructation  (Liittich)  and  of  rumination  (Toussaint). 

Purgatives  act,  according  to  some  (Moreau),  by  increasing  the  secretion  of 


'  Engelmann,  PJiiiger's  Archiv.    Vol.  iv.  p.  33. 

2  S.  Mayer  u.  von  Basch,  SUzungsher.  d.  k.  Akad.  der  Wiss.  zu  Wicn.  Vol.  x.w. 
p.  580. 

3  O.  Nasse,  Beitrdge  z.  Physiolngie  der  Darmhewegung.    Leipzig,  1866. 

4  Van  Braam  Houckgeest,  Fjiiiger's  Archiv.    Vol.  vi.  (1873)  p.  266. 
'•>  Mageiuiie,  Sur  le  Vomisscment.  1813. 

^  Schiff,  Moleschott's  Untersvchxtnqen.    Bd.  x.  1867,  p.  363. 

7  Gianiiz/.i,  Centralhlalt  d.  med.  f^^issenschaft.    1865,  pp.  1  and  129. 

8  Grimm,  Pfliiger's  Archiv.    Vol.  iv.  208. 

9  Henn.imi,'  Kleimann  ii.  Simonowitsch,  PJiiiger's  Archiv.  Vol.  v.  p.  280.  Centraiblatt. 
1872,  p.  415. 
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the  fluids  of  the  intestine,  and  according-  to  others  (Thiry,^  Radziejewski  hy 
quickening  the  peristaltic  movements.  Saline  purgatives,  the  activity  of  which 
depends  upon  their  endosmotic  eqiuvalent  (Buchheim),  and  which  when  in- 
jected into  the  blood  vessels  produce  costiveness  (Aubert),  act  chiefly  by  causing 
the  retention  of  water  in  the  intestine  (Buchheim). 


•  Thirv,  Sitzungsher.  d.  k.  Akad.  d.  Wissensch.  zu  Wien.  Vol.  1.  (1864). 
2  Radziejewski,  Archiv  f.  Anat.  u.  Pliysiologie.    1870,  Heft  1. 
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CHAPTER  IV. 

GASEOUS  GAINS  AND  LOSSES  OF  THE  BLOOD. 

Respiration. 

By  the  term  Respiration  we  designate  those  chemical  processes  of 
the  animal  body  which  are  concerned  in  the  distribution  of  gaseous 
substances,  i.e.  essentially  those  concerned  in  supplying  oxygen  to 
the  constituents  of  the  body,  and  in  separating  the  gaseous  product 
of  oxidation — carbonic  acid. 

This  process,  like  all  others  connected  with  the  interchange  of 
matter  between  the  animal  body  and  the  outer  world,  is  carried  on 
through  the  agency  of  the  blood.  This  fluid  comes  into  contact,  on 
the  one  hand,  with  the  medium  in  which  the  animal  lives  (atmo- 
spheric air  or  water),  abstracting  from  it  oxygen  and  giving  up  to 
it  carbonic  acid  (external  respiration)  ;  on  the  other  hand,  with 
the  animal  tissues,  to  which  it  furnishes  oxygen  and  from  which 
it  abstracts  carbonic  acid  (internal  respiration).  External  respira- 
tion, which  is  briefly  denominated  Respiration,  takes  place  wher- 
ever the  blood  comes  into  sufficiently  close  contact  with  the  respi- 
ratoiy  medium,  but  chiefly  in  the  organs  specially  devoted  to  the 
gaseous  interchanges,  and  which  are  denominated  The  Organs  of 
Respiration. 

Atmospheric  air  is  a  mixture  composed  of  about  one-fifth  (0'208)  by  volume 
of  oxygen,  and  four-fifths  (0-792)  by  volume  of  nitrogen,  together  with  a  very 
small  and  fluctuating  quantity  (from  0-0003  to  0-0005  by  volume)  of  carbonic 
acid,  and  a  similarly  fluctuating  quantity  of  aqueous  vapour,  the  maximiun 
amount  of  which  depends  upon  the  temperature.  This  mLxture,  at  the  level  of 
the  sea,  is  under  a  pressure  of  about  760  millimetres  of  mercury. 

The  water,  which  serves  as  the  respij-atory  medium  for  many  organisms, 
contains  in  solution — besides  some  nitrogen  and  carbonic  acid— oxygen,  which, 
at  a  temperature  of  15°  0.  and  760  millimetres  pressure,  amounts,  at  the  most, 
to  one-twelfth  (0  084)  part  of  its  volume.  Corresponding^  to  this  small  amount 
of  oxygen,  animals  living  in  water  require  proportionally  little  of  that  element. 
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1.   CHEMISTRY  OF  EESPIRATION. 

External  Resjoiration. 

Eespiration,  properly  so  called,  which  consists  in  the  inter- 
change which  takes  place  between  the  gases  of  the  blood  and  those 
of  atmospheric  air,  has  its  seat  wherever  the  blood-capillaries  are 
in  intimate  contact  with  the  latter  medimn.  This  occurs  especially 
at  the  external  surfaces  of  the  '  Organs  of  Respiration,'  which  will 
be  discussed  below ;  and,  in  addition,  at  the  skin  and  in  the  ali- 
mentary canal,  which  always  contains  air,  though  in  both  these 
cases  the  process  goes  on  with  feeble  intensity. 

In  some  animals,  however,  e.g.  in  frogs,  cutaneous  respiration 
(perspiration)  is  of  such  importance  that,  after  the  lungs  have  been 
removed,  it  suffices  by  itself  to  supply  the  small  quantity  of  oxygen 
which  the  animal  requires. 

Intestinal  respiration,  in  consequence  of  the  slight  supply  of 
gas,  is  insignificant  in  man  ;  still,  all  the  oxygen  contained  in  the 
alimentary  canal  is  consumed  and  replaced  by  carbonic  acid,  so 
that  in  the  large  intestine  carbonic  acid  and  nitrogen  are  the  prin- 
cipal gases. 

In  many  animals  (e.^.  in  an  air-swallowing  fish,  Cobitis  fossilis),  intestinal 
respiration  appears  to  be  important. 

Cutaneous  respiration  was  formerly  supposed  to  be  of  great  importance, 
even  in  the  case  of  warm-blooded  animals,  as  its  suspension,  brought  about  by 
varnishing  the  shaven  skin,  causes  a  rapid  fall  of  temperature  and  death  (Ber- 
nard). According  to  recent  researches  (Rosenthal  and  Laschkewitsch^),  there 
always  occurs  in  such  cases  a  dilatation  of  vessels  over  the  varnished  area  which, 
when  it  extends  to  the  whole  body,  occasions  such  a  loss  of  heat  as  to  prove 
fatal.  This  paralysis  of  vessels,  according  to  others,  likewise  occurs  in  internal 
organs,  the  morbid  processes  in  which  (as  in  the  kidneys  and  spinal  cord)  play 
a  part  in  inducing  the  symptoms  (Feinberg,'^  Socolotf^). 

Further,  there  are  some  who  attribute  the  injurious  consequences  of  var- 
nishing the  skin  to  the  retention  in  the  body  of  a  deleterious  excrementitious 
substance  ('  perspirabile  retentum ')  ;  this  appears  to  consist  of  a  volatile  nitro- 
genous compound.  From  portions  of  the  skin  which  have  been  left  uncovered 
by  the  varnish,  an  elimination  of  a  volatile  alkah  (ammonia?)  maybe  discovered 
by  means  of  haematoxylon  paper.  Subsequently  an  inflammatory  oedema  occurs 
in  the  portions  of  skin  which  have  been  long  kept  covered  with  varnish,  and  in 
the  serum,  crystals  of  phosphate  of  magnes  um  and  ammonium  can  be  found 
(Edenhuizen)  ;  possibly  the  retained  substance  is  lu'ea,  which  is  decomposed 
and  generates  ammonia  (Lang). 

External  respiration  consists  in  a  passage  of  oxygen  from  the 
air  into  the  blood,  and  of  carbonic  acid,  aqueous  vapour,  and  heat 
from  the  blood  into  the  air.    Respired  air,  therefore,  leaves  the 

1  Laschkewitsch,  Archivf.  Anat.  u.  Physiol.    1868,  p.  fil. 

2  Feinberg,  Centralhlatt  f.  d.  med.  Wissensdioft.    1873,  \).  5-15. 
5  Socoloff,  Ccntralblatl.  '  1872,  p.  689. 
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body  poorer  in  oxygen,  but  hotter  and  richer  in  carbonic  acid  and 
water,  being  almost  saturated  with  the  vapour  of  the  latter.  Cor- 
responding to  the  changes  in  the  air,  the  blood  which  leaves  the 
lungs,  in  the  pulmonary  veins,  is  richer  in  oxygen,  cooler  (?),  and 
poorer  in  carbonic  acid  and  water,  than  the  blood  of  the  pulmo- 
nary artery.  It  is,  consequently,  of  a  more  florid  (arterial)  colour. 
Only  a  small  portion,  however,  of  the  loss  of  heat  and  of  water 
which  takes  place  is  suffered  by  the  blood  in  the  lungs ;  as  all 
parts  of  the  respiratory  passages  give  up  heat  and  aqueous  vapour 
to  the  inspired  air. 

Traces  of  ammonia  are  also  excreted  in  tlie  process  of  respiration  (Thiry), 
but  apparently  in  pulmonary  respiration  only  (Schenk),  so  that  the  ammoniacal 
compounds  which  are  observed  when  the  sMn  has  been  Yarnished  would  appear 
to  be  abnormal  products. 

In  spite  of  the  loss  of  heat  which  the  Vood  must  undergo  in  the  lungs,  the 
blood  of  the  left  side  of  the  heart,  according  to  recent  observations  (Oolin,' 
Jacobson,'^  and  Bernhardt),  is  not  cooler,  but  warmer  than  that  of  the  right; 
possibly  because  a  production  of  heat  takes  place  in  the  luuga,  owing  to  its  com- 
bining with  oxygen  (Colin).  This  statement  is  denied  by  others  (Ileideuhain 
and  Korner  ^).    (Consult  Chap.  VII.) 

The  cause  of  external  respiration  is,  in  great  part  if  not  en- 
tirely, the  difference  between  the  tension  of  the  gases  in  the  blood 
and  in  the  external  atmosphere,  respiration  consisting  in  the  equal- 
ization of  those  tensions. 

The  tension  of  the  oxygen  in  venous  blood,  i.e.  in  blood  which 
is  to  be  subjected  to  the  lespiratory  process,  is  smaller  than  the 
tension  of  the  oxygen  in  the  atmosphere,  while  the  tension  of  the 
carbonic  acid  in  the  former  is,  on  the  other  hand,  greater  than 
that  in  the  latter.  This  is  true  not  only  of  pure  atmospheric  air, 
but  also  of  the  air  which  is  contained  in  the  pulmonary  alveoli, 
and  which  is  much  poorer  in  oxygen  and  richer  in  carbonic  acid. 
In  virtue  of  the  very  low  tension  of  the  oxygen  of  its  blood,  an 
animal  placed  in  a  confined  space  can  consume  almost  the  whole 
of  the  oxygen  which  it  contains,  whilst  the  evolution  of  carbonic 
acid  is  very  soon  stopped  by  an  equalization  of  the  tensions  taking 
place  (Wilh.  Miiller^). 

To  determine  the  tensions  of  the  gases  of  anj^  specimen  of  blood,  it  must  be 
agitated  with  a  limited  volume  of  a  gas ;  the  tensions  of  the  components  of 
the  latter  after  agitation  (ascertained  by  determining  the  composition  and  the 
total  pressiu-e),  are  a  direct  measure  of  the  tension  of  the  gases  of  the  blood 
.(Ludwig^). 

Strictly,  such  an  experiment  merely  teaches  the  tension  of  the  gases  in  the 
blood  after  agitation.  Hence  the  result  is  more  correct,  the  smaller  the  dilfe- 
rence  in  the  gaseous  tension  of  the  blood  before  and  after  agitation ;  i.e.  when 

1  Colin,  Ann.  des  Scietices  Naturelles.    Vol.  vii.  (1867),  p.  83. 
^  Jacobson,  Virchow's  Archiv.    Vol.  li.  p.  275. 

3  Koraer,  Be'driige  xur  Temperatur-Topographie  des  Sdugethierkdrpert,  Inaugural  Dis- 
xertalioii.    Breslnii,  1871. 

MuWcT,  Wiener  Ahiid.  Berichte.    Vol.  xxxiii.  p.  99. 

'••  Ludwig,  Zusammenstellung  der  Untersuchungen  iiber  Blutgase,  welche  aus  der  phi/swh>- 
gischen  Anstalt  der  Josefs  Altudemie  hervorgegungen  sind  (^Separatabdruck).    Wien,  18G5. 
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the  quantity  of  blood  experimented  upon  is  relatively  large,  the  volume  of  the 
gas  used  small,  and  when  its  initial  tension  approximates  _  closely  the  gaseous 
tension  of  the  blood  under  investigation.  In  order  to  obtain  the  most  correct 
results,  the  blood  is  simultaneously  but  separately  agitated  with  two  volumes 
of  gas,  of  which  "the  one  possesses  a  somewhat  higher,  and  the  other  a  some- 
what lower  tension  than  the  gases  of  the  blood  subjected  to  investigation; 
the  true  gas-tension  of  the  blood  is  then  found  by  taking  the  mean  of  the 
tensions  of  the  two  samples  of  gas  which  have  been  in  contact  with  it  ('  Aeroto- 
nometer '  is  the  name  given  to  an  apparatus  devised  for  this  purpose  by  Piiiiger 
and  Strassburg 

The  tension  of  the  oxygen  of  the  blood  is,  in  consequence  of 
the  affinity  of  hgecaogiobin  for  it,  very  low ;  but  it  becomes  higher 
when  the  blood  is  heated  (Worm  Miiller  2).  In  the  arterial  blood  of 
the  dog  it  amounts  on  an  average  to  29*6  millimetres  of  mercury 
(i.e.  it  corresponds  to  the  tension  of  the  oxygen  of  an  atmosphere 
which  contains  3*9  per  cent,  of  oxygen) ;  in  venous  blood  it  amounts 
to  22°""  (2'9  per  cent.)  The  tension  of  the  carbonic  acid  is,  in 
arterial  blood,  on  an  average  21°"**  (2-8  per  cent.),  in  venous  blood 
41°""  (5-4  per  cent.)  (Strassburg  3). 

The  tension  of  the  oxygen  in  the  external  atmosphere  amounts 
on  an  average  to  158°"°  (20'8  per  cent.),  the  tension  of  carbonic 
acid  to  O-Sa""™  (0-05  per  cent.) 

The  tension  of  the  carbonic  acid  in  the  air  contained  in  the 
pulmonary  alveoli  is  so  high  that  it  may  appear  doubtful  whether 
it  does  not  exceed  the  tension  of  the  carbonic  acid  in  ordinary 
venous  blood.  Were  such  the  case,  one  would  have  to  suppose 
that  certain  influences  were  in  operation  in  the  lungs,  capable  of 
driving  off  the  carbonic  acid,  i.e.  of  increasing  the  tension  of  the 
carbonic  acid  of  the  blood  entering  the  lungs.  Such  influences 
have,  indeed,  been  sought  for  partly  in  the  absorption  of  oxygen, 
and  partly  in  the  action  exerted  by  the  lung  tissue  itself.  To 
determine  this  point,  the  tension  of  the  carbonic  acid  of  the  blood 
contained  in  the  lung  capillaries  is  directly  ascertained  by  shaking 
the  blood  with  a  known  quantity  of  the  air  removed  from  the  lungs, 
and  analysing  the  air  before  and  after  the  process  (Becher^).  As, 
however,  when  the  breath  is  held,  the  tension  of  the  gases  of  the 
blood  is  very  much  altered,  and  as  the  air  which  is  removed  from 
the  lungs  has  not  equally  taken  part  in  the  equalization  of  tension, 
it  is  a  better  plan  to  remove,  for  this  purpose,  by  means  of  a  lung- 
catheter,  only  the  air  from  a  single  portion  of  the  lung  of  an 
animal  (Pfliiger  and  Wolffberg^).    From  such  experiments  it 

1  Strassburg,  'Die  Topographic  der  GasBpannungen  im  Thierischen  Organismus.' 
Pfiiiger's  Archiv.    Vol.  vi.  (1872),  p.  65-96. 

2  J.  Worm  Miiller,  Uebei-  die  Spannung  des  Sauersioffs  der  Blutscheiben,  Ludwig's 
Arheiten,  1871,  p.  119. 

5  Strassburg,  he.  cit.  p.  96. 

^  Becher,  Die  Kohlens'durespantiung  im  Blute  ah  proportionales  3Iaass  des  Umsatzes  der 
kfihlensloffhaltigcn  Kiirper  U7id  NahiungsbeMandtheile.  Zlirich,  1865  (quoted  by  Uonders 
and  abstracted  by  Fuiike  in  SclimidVa  Jalirb.    1855,  vol.  Ixxxvi.  p.  296.) 

6  WollTberg,  '  Ueber  die  Spannung  der  Blutgase  in  den  Lungencapillnren.'  Pflilger's 
Archiv.  Vol.  iv.  p.  415.  '  Ueber  die  Atlimung  der  Lunge.'  FJlilgers  Archiv.  \'oi.  vi. 
(1872),  p.  23. 
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results  that  the  tension  of  the  carbonic  acid  of  the  blood  of  the 
pulmonary  capillaries  of  the  dog  is  about  equal  to  that  of  the 
venous  blood  of  the  heart  (Wolfifberg),  so  that  external  respiration 
is  to  be  looked  upon  as  consisting  essentially  of  a  simple  equaliza- 
tion of  the  tensions  between  venous  blood  and  the  air  contained  in 
the  lungs.  The  rapidity  of  gaseous  diffusion  in  the  lungs  is  such 
that,  even  when  the  respiration  is  free  and  quiet,  the  expired  air 
of  the  dog  possesses  a  carbonic  acid  tension  which  is  nearly  equal 
to  that  of  venous  blood  (on  an  average  2-8  percent.  COg  and  16'6 
per  cent,  of  0,  Wolfifberg). 

Nevertheless,  it  is  possible  that  the  simultaneous  absorption 
of  oxygen  in  the  lungs  helps  to  drive  off- the  carbonic  acid,  though 
to  what  extent  is  unknown.  The  tension  of  the  carbonic  acid  of 
the  blood  is  found  to  be  greater  when  the  blood  is  agitated  with 
a  gas  containing  oxygen  than  with  one  containing  no  oxygen,  or 
than  when  the  blood  is  placed  in  an  empty  receiver  (Ludwig  and 
Holmgren  ^ ;  Wolfifberg).  Oxygen,  therefore,  increases  the  ten- 
sion of  the  carbonic  acid  of  the  blood,  by  exerting  a  chemical 
action  which  serves  to  expel  carbonic  acid.  Further,  it  is  found 
(Ludwig  and  Schofifer,  Sczelkow,  Preyer^)  that  arterial  blood  is 
not  only  poorer  than  venous  blood  in  carbonic  acid  which  may 
be  pumped  out  of  it,  but  also  in  carbonic  acid  existing  in  more 
stable  salt-like  combinations.  Lastly,  the  carbonic  acid  tension 
of  serum  is  much  lower  than  that  of  the  blood  as  a  whole,  and  is 
increased  by  the  addition  of  blood,  though  not  by  merely  passing 
oxygen  through  it.  From  these  facts  we  should  conclude  that  the 
blood  corpuscles  which  contain  oxygen  exert  a  chemical  action,  by 
which  carbonic  acid,  especially  that  existing  in  the  serum,  is  libe- 
rated from  stable  compounds  in  a  form  capable  of  being  pumped 
out  of  the  blood. 

According  to  J.  J.  Miiller,^  when  blood  is  made  to  flow  through 
the  blood  vessels  of  a  lung  inflated  with  nitrogen,  it  gives  up 
more  carbonic  acid  than  when  it  is  placed  in  a  simple  chamber 
containing  nitrogen.  These  researches,  which  ascribe  some  share 
to  the  lung-tissue  in  causing  the  expulsion  of  carbonic  acid,  have 
recently  been  disputed  (Pfliiger  and  Wolfifberg). 

The  action  of  the  blood  corpuscles  referred  to  in  the  previous  paragraph, 
and  which  apparently  can  only  depend  upon  the  formation  of  an  acid,  may  be 
imagined  to  take  place  in  various  manners  :  1.  Oxy-hsemoglobin,  which  has  an 
acid  reaction  (Preyer),  might  itself  possess  the  power  of  expelling  OO^  (Preyer  ^) ; 
in  support  of  this  hypothesis,  amongst  other  facts,  may  be  mentioned,  that  pass- 
ing oxygen  through  blood  furthers  the  crystallization  of  haemoglobin,  just  as 
does  diminishing  the  alkaline  reaction  of  the  blood  by  the  addition  of  acids 
(Kiihne).  


1  Holmgren,  Wiener  Sitzungsherichte.    Vol.  xlviii.  (1863),  p.  614. 

2  For  references  to  these  papers,  see  footnote  3,  p.  64,  and  footnote  5,  p.  186. 

5  J.  J.  MUller,  'Ueber  die  Athmung  in  der  Lunge,'  Berichte  d.  h.  sacks.  Gesellsch.  der 
Wissenschaft  zu  Leipzig.    Vol.  xxi.  (1869),  p.  149. 
*  Preyer,  Centralbiatt.    1867,  No.  18. 
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2.  Oxygen  might  bring  about  a  decomposition  of  haemoglobin,  leading  to 
the  formation  of  an  acid  (in  certain  decompositions  of  haemoglobin,  volatile 
fatty  acids  are  generated,  Hoppe-Seyler).  When  the_  gases  of  the  blood  are 
pumped  out  under  such  circumstances  that  evaporation  goes  on  to  a  great 
extent,  the  strongly  combined  carbonic  acid  of  blood,  even,  for  instance,  that 
derived  from  carbonates  added  to  the  fluid,  is  expelled  (Pfliiger  ');  it  is  con- 
ceivable that  in  this  case  acids  are  generated  by  the  decomposition  of  haemo- 
globin. 

3.  The  acid  might  originate  in  other  constituents  of  the  blood  corpuscles, 
e.g.  in  lecithin. 

4.  If  carbonic  acid  contained  in  the  blood  corpuscles  were  in  a  state  of  com- 
bination, say  with  haemoglobin,  it  is  possible  that  oxygen  might  expel  it  directly. 
Even  in  lung-tissue,  whose  influence  in  aiding  the  elimination  of  carbonic  acid 
was  suspected,  an  acid  occurs,  to  which  the  power  of  expelling  OOj  was  formerly 
ascribed,  viz.  taurine.  (Oloetta  ;  formerly  this  body  was  described  under  the 
name  of  pulmonic  acid  by  Verdeil).  As  certain  albuminous  compounds  (globu- 
lin) liberate  carbonic  acid  from  carbonates  in  vacuo,  an  attempt  has  been  made 
to  make  use  of  this  fact  in  the  explanation  of  the  respiratory  process  (Hoppe- 
Seyler  and  Sertoli ')  ;  this  explanation  does  not,  however,  agree  with  the  fact 
that  oxygen  has  a  more  powerful  action  in  expelling  the  carbonic  acid  of  the 
blood  than  a  vacuum. 

Seeing  that  respiration  proper  consists  in  an  equalization  of 
the  tensions  of  the  gases  existing  in  the  blood  and  in  the  air  of 
the  pulmonary  alveoli,  it  follows  that  the  blood  in  the  lungs  is  the 
richer  in  oxygen  and  the  poorer  in  carbonic  acid,  the  closer  the 
air  of  the  alveoli  approaches  in  composition  to  atmospheric  air. 
And  this  will  depend  upon  the  energy  of  the  respiratory  process, 
that  is  to  say,  upon  the  frequency  and  depth  of  the  respiratory 
movements  which  influence  in  an  important  manner  the  gaseous 
constituents  of  the  blood,  and  so  indirectly  exert  an  influence 
upon  the  gaseous  interchanges  of  the  whole  organism.  It  is  only 
by  comparing  the  air  inspired  and  expired  during  long  periods  of 
time  that  we  can  form  a  correct  estimate  of  the  gaseous  exchanges 
of  the  body. 

Respiration  of  the  Tissues. 

The  question  as  to  the  seat  of  the  respiration  of  the  tissues  is 
the  same  as  that  of  the  seat  of  the  oxidation-processes  which  go 
on  in  the  animal  body.  The  ancient  view  (Lavoisier)  that  car- 
bonic acid  was  generated  in  the  lung  itself  is  disposed  of  by  the 
fact  that  the  venous  blood  which  goes  to  that  organ  contains  large 
quantities  of  carbonic  acid. 

The  increase  in  the  quantity  of  carbonic  acid  has  to  be  traced 
back  to  the  capillaries.  And  it  must  be  either  within  these  ves- 
sels, or  in  the  tissues  outside  of  them,  that  the  consumption  of 
oxygen  and  the  formation  of  carbonic  acid  proceed.    The  first  of 

1  Pfliiger,  Ueher  die  Kohlens'dure  des  Blutes.    Bonn,  1864. 

2  Sertoli,  '  Qeber  die  BindunR  der  Kohlensaure  im  Biiite  und  ihro  Ausscheidun"-  in  der 
Lunge,'  lloppe-Seyler's  Untersuchungen.    Heft  6  (18G8),  p.  360.  ° 
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these  two  views,  viz.  that  which  places  the  seat  of  oxidation  within 
the  capillaries,  is  improbable,  because  oxidation-processes  are  so 
closely  linked  to  the  functions  of  organs  that  they  must  occur 
within  them.  The  question  would  be  most  easily  solved  if  we 
could  compare  the  tension  of  the  gases  contained  in  the  tissues 
with  the  tension  of  the  gases  of  the  blood.  In  general,  such  a 
comparison  is  impossible.  The  tension  of  carbonic  acid  in  cavities 
and  in  fluids  of  the  body  which  are  surrounded  on  all  sides  by 
healthy  tissues  (as,  e.g.,  in  intestinal  loops  and  in  the  contents  of 
the  gall  and  urinary  bladder)  is  decidedly  greater  even  than  in 
venous  blood,  pointing  to  the  fact  that  the  tissues  give  up  carbonic 
acid  to  the  blood ;  but  to  the  place  where  carbonic  acid  originates, 
oxygen  too  must  wander  (Pfliiger  and  Strassburg). 

Another  method  of  determining  indirectly  the  tension  of  the  gases  of  the 
tissues  is  to  investigate  the  tension  of  the  gases  of  the  Ijmph  (Ludwig  and 
Hammarsten  ^).  In  tins  fluid  the  tension  of  the  carhonic  acid  is  lower  than 
in  venous  blood,  though  higher  than  in  arterial  blood.  We  must  not  from  this 
fact  conclude  that  carbonic  acid  does  not  originate  in  the  tissues,  seeing  that  the 
lymph  experimented  upon  has  had  the  opportunity,  both  in  the  connective  tissue 
and  in  the  lymphatic  vessels,  of  modifying  the  tension  of  its  gases  by  close  con- 
tact with  arterial  blood. 

One,  though  by  itself  a  very  insufficient,  ground,  for  placing  the  seat  of 
oxidation-processes  within  the  vessels,  appeared  to  be  the  occurrence  of  easily 
oxidizable  substances  (reducing  substances)  within  the  blood,  especially  in  the 
blood  of  asphyxiated  animals  (A.  Schmidt '^).  The  source  of  the  latter  sub- 
stances, which  are  contained  in  the  blood  corpuscles  and  not  in  the  plasma 
(Afouassiefl"),  may  lie  in  the  blood  itself;  lymph  contains  none  of  these  sub- 
stances (Hammarsten).  The  oxygen  tension  of  many  tissues  appears  to  be 
almost  equal  to  nothing,  so  that  they  must  eagerly  absorb  oxygen.  Muscle,  for 
instance,  contains  no  oxygen  capable  of  being  pumped  out  of  it  (Hermann, 
Ohap.  Vni.) 

The  energy  of  internal  respiration  naturally  varies  in  the  case 
of  different  organs,  and  in  each  organ  it  varies  with  the  time, 
according  to  the  energy  of  the  processes  of  oxidation  which  go  on 
within  it.  A  comparison  of  the  gases  and  of  the  colour  of  the 
blood  of  the  arteries  and  veins  of  an  organ  supplies  a  measure  of 
this  energy.  The  blood  of  the  renal  veins  is  almost  arterial  in 
colour,  whilst  that  of  muscles  is  very  dark.  In  the  latter  it  appears 
to  be  more  florid  during  activity,  probably  because  the  greater 
gaseous  exchanges  are  more  than  compensated  for  by  the  increased 
flow  of  blood  through  them  (Chap.  VIII.) 

The  natm-e  of  the  oxidation-processes  which  go  on  in  the  tissues  strictly  do 
not  belong  to  the  study  of  respiration  ;  yet  they  must  be  briefly  alluded  to  in 

^'^^^n^ muscles,  which  are  the  organs  in  which  they  have  been  chiefly  studied, 
oxidation  does  not  go  on  directly,  for  the  processes  of  absorption  of  oxygen  and 
formation  of  carbonic  acid  do  not  occur  simultaneously.    (On  this  subject  fur- 


1  Hammarsten,  Ueber  die  Gase  der  Hnndelymphe. 
schaft  zii  Leipzio.    Vol.  xxiii.  (1871)  P- /'l'- 

2  A.  Sclimidt,  Die  Athnmng  tyttierlialb  des  lilutes. 
schaft  zu  Leipzig.    Vol.  xix.  (1867)  pp.  99-131. 
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ther  information  will  be  found  in  Ohap.  VIII.)  On  that  account  the  theories 
which  connect  the  oxidation-processes  of  the  body  with  a  process  of  ozonizing 
of  the  oxygen,  or  with  a  formation  of  peroxide  of  hydrogen,  are  improbable. 

Magnitude  of  the  Gaseous  Exchanges. 

The  magnitude  of  the  gaseous  exchanges  of  the  body,  leaving 
aside  the  variations  occasioned  by  the  movements  of  respiration, 
is  chiefly  dependent  upon  the  amount  of  oxygen  which  the  organ- 
ism requires  (for  this  requirement  see  Part  II.)  The  more  the 
blood  is  charged  with  carbonic  acid  produced  in  the  processes  of 
oxidation  of  the  body,  the  larger  the  quantity  of  carbonic  acid 
which  is  given  up.  Amongst  the  circumstances  which  increase 
either  the  individual  or  combined  processes  of  oxidation,  the  fol- 
lowing are  specially  to  be  emphasized :  muscular  work  ;  a  low 
temperature  of  the  medium  surrounding  the  body  (which  increases 
the  production  of  heat  in  the  body,  so  as  to  maintain  the  normal 
temperature.  Chap.  VII.);  the  process  of  digestion  (which  is  con- 
nected with  the  increase  of  many  secretions) ;  great  energy  of  all 
the  vital  processes  (as  in  persons  of  the  male  sex,  of  strong  con- 
stitution, in  the  prime  of  life,  &c.) 

The  following  circumstances  exert  a  doubtful  and  disputed 
influence.  According  to  the  most  recent  researches,  oxidation  in- 
creases and  diminishes  with  the  temperature  of  the  tissues  ;  this 
is  most  clearly  determined  in  the  case  of  cold-blooded  animals. 
In  warm-blooded  animals  there  appear  to  exist  nervous  arrange- 
ments which  lead  to  an  increase  of  the  oxidation  processes  of  the 
body  when  the  skin  is  cooled,  and  to  a  diminution  of  the  same 
processes  when  the  skin  is  heated  (for  further  details  see  Chap. 
VII.)  The  processes  of  oxidation  appear  to  be  independent  of 
the  activity  of  the  respiratory  movements  (Pfliiger).  The  food 
has,  perhaps,  an  influence,  in  so  far  as  a  part  of  it  appears  to  be 
directly  oxidized  (luxus-consumption,  compare  Chap.  VI.) ;  espe- 
cially the  ingestion  of  highly  carbonaceous  food  (carbo-hydrates) 
appears  to  increase  the  excretion  of  carbonic  acid. 

Although  in  the  main  the  absorption  of  oxygen  and  the  elimi- 
nation of  carbonic  acid  proceed  side  by  side,  because  nearly  all 
oxidizable  substances  contain  carbon,  yet  these  two  processes  are 
very  decidedly  independent  one  of  another.  For,  on  the  one  hand, 
a  formation  of  carbonic  acid  without  consumption  of  oxygen  is 
conceivable  (the  carbonic  acid  being  one  of  the  products  of  a  pro- 
cess of  decomposition) ;  and,  on  the  other  hand,  oxygen  may,  in 
some  way,  be  stored  up  and  not  be  used  at  once.  Further  in- 
formation upon  these  relations  in  the  case  of  muscles,  where  they 
are  best  known,  will  be  found  in  Chap.  VIII. 

From  what  has  been  stated  it  follows  that  the  numbers  given  below,  which 
express  the  average  magnitude  of  the  gaseous  exchanges,  possess  comparatively 
little  value : 
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An  adult  man  requires  in  24  hours  about  746  grammes  (620  litres)  of  oxy- 
gen, and  expires  about  8G7  grammes  (443  litres)  of  carbonic  acid  (Vierordf). 
In  calculations  on  ventilation  one  estimates  the  hourly  OO^-exhalation  at  20 
litres  (a  candle  produces  about  15,  an  oil  lamp  60,  and  a  gas  lamp  60  litres  of 
OOj  in  the  same  time). 

If  all  the  oxygen  were  employed  in  the  oxidation  of  carbon,  and  all  the  car- 
bonic acid  formed  were  expired,  the  volume  of  the  latter  would,  over  consider- 
able periods  of  time,  be  equal  to  the  volume  of  oxygen,  seeing  that  a  molecule 
of  OOj  and  a  molecule  of  oxygen  (Oj)  occupy  the  same  volume.  As,  however, 
other  oxidation- processes  occur  (leading  to  the  formation  of  HjO,  &c.),  and  as 
a  portion  of  the  carbonic  acid  formed  is  excreted  in  the  urine,  &c.,  it  follows 
that  the  carbonic  acid  formed  must  occupy  less  space  than  the  oxygen  consumed, 
so  that  when  an  animal  breathes  in  a  confined  space,  a  rarefaction  of  the  air 
takes  place.  (The  latter  circumstance  is  explained  also  by  the  fact  that  the 
consumption  of  oxygen  proceeds  imtil  the  supply  is  exhausted,  vrhilst  the  sepa- 
ration of  carbonic  acid  soon  diminishes  and  ultimately  ceases.) 

Under  the  influence  of  work  the  consumption  of  oxygen  per  hour  may 
increase  from  31  grammes  (see  above)  to  about  five  times  this  amount  (156 
grammes,  Hirn^). 

In  man  the  interchange  of  gases  through  the  skin,  as  compared  with  that  at 
the  lungs,  is  almost  imperceptible.  The  carbonic  acid  excreted  in  24  hours 
varies  between  2*3  and  6-3  grammes,  being  on  an  average  3'87  grammes ;  its 
amount  increases  with  the  temperature  (Aubert  ^). 

The  daily  experience  that  exhaled  air  is  warmer  and  moister  than  the  at- 
mosphere, and  the  simple  experiment  of  breathing  through  a  tube  which  dips 
into  lime-  or  baryta-water,  which  becomes  turbid  in  consequence,  suffice  to 
show  qualitatively  the  differences  between  inspired  and  expired  air. 

In  quantitative  comparison,  as  the  composition  of  the  air  inspired  is  known, 
it  suffices  to  investigate  the  air  expired,  which  for  this  purpose  is  collected  in  a 
mercurial  gasometer  (Allen  and  Pepys  *).  The  air  which  is  breathed  is  freed 
from  carbonic  acid  and  water  by  passing  it  through  caustic  potash  and  sulphmic 
acid. 

In  order  to  determine  the  total  gas-exchanges  which  go  on  during  long 
periods  of  time,  the  expired  air  may  be  allowed  to  pass  through  an  apparatus 
in  which  the  carbonic  acid  and  water  formed  are  absorbed,  so  that  they  may 
both  be  weighed.  For  this  purpose  appliances  for  aspirating  are  required,  e.g. 
a  vacuum  (Andral  and  Gavarret  *),  a  vessel  containing  water,  which  is  allowed 
to  rim  out  (Scharling®),  or  an  air-pump  (Pettenkofer ').  If  the  research  has 
to  be  carried  out  on  a  large  scale  (as  in  Pettenkofer's  apparatus,  the  air-space 
of  which  can  conveniently  supply  a  man  for  some  time),  it  suffices  to  allow  only 
a  measm-ed  fraction  of  the  in-going  and  out-going  air  to  pass  through  the  ab- 
sorbing fluids,  provided  that  the  total  volumes  of  the  gases  are  continually 
measured  (by  means  of  gas-meters). 

According  to  another  method,  respiration  is  carried  on  in  a  completely  con- 
fined space,  which  is  in  communication  only  with  an  oxygen  resei-voir;  the 
carbonic  acid  formed  is  continually  being  absorbed  by  a  connected  apparatus 
containing  solution  of  caustic  potash ;  in  consequence  of  the  diminution  of  pres- 
sure which  results  from  the  absorption,  oxygen  is  continually  being  sucked  from 
the  reservoir.  At  the  end  of  the  experiment  the  amount  of  carbonic  acid  ab- 
sorbed by  the  caustic  potash  is  determined,  as  well  as  the  nitrogen  which  was 

1  Vierordt, 'Physiologic  desAthmens,' 1845.  Article  '  Respiration,' in  Wagner' s  Hand- 
w'orterhurh.    Vol.  ii.  pp.  828-943.  ,   ^,  ,        r.   •  ,oro 

2  Hirn,  Recherches  sur  Fequivaknt  mechanique  de  la  Chaletir.    I  aris,  1858. 

3  Aubert,  Pftuger's  Archiv.    Vol.  vi.  (1872)  p.  539. 

*  Allen  and  Pepya,  Philosnphical  Transactions.    1808  find  1809. 

s  Andral  et  Gavarret,  Annales  de  C/iim.  et  de  Phys.  [3]  1843.    Vol.  viii.  p.  129. 

6  Scharlinp,  Annalen  der  Chemie  u.  Pharm.    Vol.  xlv.  p.  214. 

7  Pettenkofer,  Annul,  d.  Chem.  u.  Pharm.    18G2.    Supplementbnnd  2. 
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originally  present  in  the  cliamber;  the  oxygen  which  has  been  used  is  found  by 
ascertaining  the  diminution  which  the  store  of  this  gas  originally  present  in  the 
chamber  and  the  connected  reservoir  has  undergone  (Regnault  and  Reiset 
Similar,  though  simpler,  apparatuses  have  lately  been  constructed  (Ludwig  and 
Kowalewski,  Ludwig  and  Sauders-Ezn  ^). 

When  the  gaseous  exchanges  dependent  upon  the  whole  external  respiration 
have  to  be  determined,  the  respiratory  space  sun-oundiug  the  whole  body  must 
be  investigated.  If  only  the  respiration  of  the  skin  is  to  be  investigated,  the 
mouth  and  nose  are  made  to  communicate  with  the  exterior  by  means  of  a  tube ; 
finally,  if  only  the  pulmonary  respiration  be  the  object  of  research,  the  respira- 
tory chamber  is  in  communication  by  an  aii-tight  mask  with  the  mouth  and 
nose. 


11.    THE  MECHANISM  OF  EESPIRATION., 

In  the  lowest  organisms,  the  bodies  of  which  are  but  small,  the  mere  bath- 
ing of  the  body  in  the  medium  to  be  breathed  (water)  is  sufficient  to  keep  up 
the  interchange  of  gases  by  diffusion ;  more  highly  developed  animals  of  larger 
size  require  a  larger  surface  for  the  proper  interchange  between  the  juices  of  the 
body  on  the  one  hand  and  the  medium  on  the  other.  In  animals  in  which  the 
blood-vasculnr  system  is  either  in  a  rudimentary  state  or  altogether  wanting, 
the  medium  must  be  introduced  into  and  distributed  over  all  parts  of  the  body 
in  order  to  be  eveiywhere  brought  into  contact  with  the  juices  ;  but  where  the 
blood-vascular  system  is  fully  developed,  the  mass  of  the  blood  can  be  passed 
into  an  organ  of  large  surface,  where  it  can  meet  the  medium  to  be  breathed, 
and  where,  thus,  over  large  surfaces  the  blood  can  enter  with  it  into  the  process 
of  diffusion. 

The  arrangement  in  the  first  class  consists  of  a  system  of  branched  tubes,  as 
in  the  ivateT-vascular  system  of  echinodermata  and  scolecida,  and  the  tracheal 
system  of  ai'thropoda :  while  in  the  latter  class  we  have  an  eversion  of  the  body 
surface  if  water  is  breathed,  as  in  the  (/ills  of  mollusca,  fishes,  and  the  larvte  of 
batrachia ;  or  an  involution  if  air  is  breathed,  as  in  the  lungs  of  amphibia,  birds, 
mammals,  and  man.  Asa  separate  respiratory  mediiun  for  the  foetus  of  mam- 
mals and  of  man,  we  have  the  oxygenated  maternal  blood,  which  meets  the 
blood  of  the  foetus  in  the  placenta  (foetalis  and  uterina),  where  through  the 
walls  of  the  capillaries  the  gaseous  exchange  takes  place  (Ohap.  XII.) 

The  human  respiratory  organs,^  the  lungs,  represent  two  elastic 
bags,  containing  a  branched  system  of  tubes  v?ith  terminal  vesicles 
(alveoli),  and  the  surface  in  each  alveolus  being  further  extended 
by  the  presence  of  prominent  ridges  in  its  walls.  The  cavity  of 
each  lung  communicates  by  means  of  the  trachea,  larynx,  pharynx, 
and  the  nasal  or  oral  cavity,  with  the  external  air. 

The  lungs  left  to  themselves  contain  no  air:  they  a.re  atalec- 
tic,  like  the  lungs  of  the  foetus  before  it  has  '  breathed,'  i.e.  the 

'  Regnault  et  Reiset, '  Recherches  cHmiques  de  la  respiration  des  animaux  de  diverses 
espfeces.'  Ann.  de  Chimie  et  de  Phi/siqne.  .'jme  s^rie,  vol.  xxvi.  (1849)  p.  299.  In  these 
experiments  an  increase  of  the  nitrogen  in  the  respiratory  chamber  was  observed,  ^vbich 
may  be  explained  either  by  supposing  that  an  elimination  of  nitrogen  occurred  in  the  pro- 
cess of  respiration,  or  that  there  was  a  slight  leaking  of  air  into  the  apparatus.  Occasion- 
ally the  former  phenomenon  appears  to  occur ;  occasionally,  on  the  otlier  hand,  there  would 
appear  to  be  a  respiratory  absorption  of  N  (Ludwig  and  Schoremetjowski).  This  subject 
requires,  however,  further  investigation  (compare  Chap.  VI.) 

*  Sanders-Ezn, '  Der  reapiratorische  Gasaustausch  bei  grossen  Temperaturilnderungen.' 
Ber.  d.  It.  siichs.  Gesellsch.  d.  Wisxenschaft  zu  Leipzig.    Vol.  xix.  1867,  pp.  58-99. 

'  The  cutaneous  and  intestinal  respiration,  not  possessing  a  separate  mechanism,  are  not 
considered  here  ;  their  importance  in  man  is  but  small. 
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walls  of  its  tubes  and  of  its  alveoli  lie  in  apposition  by  virtue  of 
their  elasticity.  In  the  human  body,  however,  the  lungs  are  so 
fitted  into  an  unyielding  reservoir  (the  thorax)  that  no  air  can 
pass  between  their  external  surface  and  the  internal  surface  of 
this  reservoir  (more  accurately,  between  the  pleural  surface  of  the 
lungs  and  the  lining  of  the  thorax).  The  pressure  of  the  atmo- 
spheric air  entering  the  lungs  must  necessarily  therefore  expand 
them  against  their  own  elasticity  to  more  than  their  normal 
volume ;  they  closely  apply  themselves  to  the  thoracic  walls,  and 
are  therefore  during  life  always  found  filled  with  air.  Should, 
however,  through  any  opening,  air  pass  into  the  space  between  the 
lungs  and  the  thoracic  walls,  then  the  lungs  by  virtue  of  their 
elasticity  collapse  to  their  natural  (atalectic)  volume  (Pneumo- 
thorax). 

Not  only  the  lung-s,  Lut  the  heart  and  vessels  also,  contribute  towards  the 
fiUiiig  up  of  the  thoracic  cavity.  The  pressure  of  the  air  acts  upon  the  inner 
surface  of  all  these  organs ;  it  acts  directly  (through  the  trachea)  on  the  lungs ; 
it  acts  indirectly  on  the  heart,  for  the  whole  body,  and  therefore  aU  the  vessels 
situated  outside  the  thorax,  and  communicating  with  the  interior  of  the  heart, 
are  under  atmospheric  pressure.  The  same  pressure  then  tending  to  enlarge  all 
the  hollow  organs  within  the  thorax,  these  organs  will  expand  according  to  their 
degree  of  expansibility,  and  hence  the  most  expansible  organs,  the  lungs,  wiU 
contribute  most  towards  the  filling  up  of  the  thorax  (they  will  be  dilated  the 
most  bej'^ond  theii'  original  volume),  the  thick-walled  ventricles  the  least,  while 
the  thin-walled  auricles  and  the  venous  trunks  will  be  perceptibly  dilated.  The 
atmospheric  pressure  acting  equally  upon  the  external  surface  of  the  thoracic 
walls,  their  more  yielding  parts  will  likewise  contribute  towards  the  filling  up, 
or  rather  the  diminution  of  the  thorax :  hence  the  diaphragm  and  the  intercostal 
spaces  will  arch  in  towards  the  thorax. 

The  following  model  illustrates  these  relations.  A  bottle  provided  with  a 
stopcock,  0,  contains  two  elastic  bags,  represented  in  fig.  14  in  their  natural 
configuration  ;  the  one,  hourglass-shaped,  with  a  thin-walled  and  thick-waUed 
division,  v  and  k,  is  filled  with  a  fluid  and  communicates  with  an  open  vessel 
containing  water ;  this  double  bag  represents  the  heart  (v  =  auricle,  k  =  ven- 
tricle), the  other  bag,  /,  filled  with  air  and  communicating  through  t  {  =  trachea) 
with  the  atmosphere,  represents  the  lung.  The  membrane  i  represents  the  soft 
parts  of  an  intercostal  space.  Fig.  15  shows  the  apparatus  after  the  air  has 
been  exhausted,  through  o,  from  the  bottle.  Both  bags,  on  the  inner  walls  of 
which  the  atmospheric  pressure  acts  (indirectly  on  v  k),  are  seen  expanded, 
filling  up  completely  the  mterior  of  the  bottle;  I  is  most  expanded,  V  much  less, 
and  K  the  least;  i  is  also  seen  to  be  somewhat  vaulted  in.  If  now  through  o 
air  is  again  allowed  to  enter,  we  get  again  the  same  condition  of  things  as  in 
fig.  14,  which  corresponds  to  the  condition  of  pneumothorax. 

Each  of  the  two  bags  in  fig.  14  tends  to  contract  at  the  expense  of  the  other, 
i.e.  to  extend  the  other.  The  figiu-e  represents  the  state  of  equilibrium.  Hence 
in  the  usual  representation  of  the  relations  in  the  thorax,  lungs  expanded  above 
their  normal  volume  are  made  to  exercise  a  pull  ('  negative  pressure ')  on  the 
heart  and  the  soft  parts  of  the  thoracic  walls  (represented  by  arrows  in  fig.  15), 
but  we  have  also  to  consider  that  the  heart,  &c.,  acts  in  the  same  way  on  the 
lungs. 

We  are  able  to  measure  manometrically  the  elastic  force  with  which  the 
lung,  when  expanded  to  the  size  it  has  in  the  passive  thorax,  tends  to  contract 
(or  in  other  words,  its  negative  pressure  when  the  thomx  is  at  rest),  by  fixing 
a  manometer  air-tight  into  the  divided  trachea  of  a  dead  body  and  then  opening 
the  thorax ;  this  elastic  force  is  about  6  mm.  of  mercury  (Bonders).   The  elastic 
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force  of  the  expanded  lung  may  be  further  assisted  by  the  non-stnped  muscles 
surrounding  the  bronchial  tubes,  for  by  their  contraction  the  bronchial  tubes 
would  be  narrowed,  and  therefore  the  negative  pressm-e  m  the  thorax  increased, 
whereby  a  o-reater  expansion  of  the  other  organs  would  be  effected.    We  know, 


however,  nothing  definite  either  about  the  time  and  mode  of  this  contraction  or 
about  the  innervation  of  the  muscles.  IiTitation  of  the  pneumogastric  diminishes 
slightly  the  volume  of  the  lung,  when  the  latter  is  cut  out  and  ligatured 
(Schiff). 

The  Respiratory  Movements. 

The  air  in  the  pulmonary  alveoli  comes  into  contact  with  the 
blood  of  the  capillaries,  which  enmesh  them ;  and  in  this  contact 
the  gaseous  interchange  is  effected.  As  already  explained,  the 
result  is  a  loss,  on  the  part  of  the  alveolar  air,  of  oxygen  and  a 
gain  of  carbonic  acid,  which  very  speedily  unfit  it  for  further  use. 
This  might  be  remedied  by  diffusive  exchanges — extending  from 
layer  to  layer — of  air  within  the  lungs,  and  reaching  at  last  the 
atmosphere.  But  such  a  series  of  exchanges  would  be  altogether  too 
slow  for  the  requirements  of  the  blood ;  therefore  mechanical  means 
are  employed  to  produce  a  frequent  ventilation  of  the  recesses  of 
the  lung,  these  means  being  periodic  contractions  and  expansions 
of  the  whole  organ.  The  thorax,  in  which  the  lungs  are  placed, 
is  alternately  enlarged  and  diminished  in  the  acts  of  '  Inspiration ' 
and  '  Expiration,'  and  the  lungs  of  necessity  follow  its  changes. 

The  enlargement  of  the  thorax,  or  Inspiration,  is  always  the 
result  of  muscular  action.  The  ordinary  inspiratory  muscles, 
those  concerned  in  ordinary  inspirations,  are :  the  diaphragm,  the 
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scaleni  and  the  intercostal  muscles — especially  the  external.  In 
deeper  inspirations,  whether  intentional  or  forced,  owing  to  some 
obstruction,  additional  or  'accessory'  inspiratory  muscles  come 
into  play.  These  are,  the  serrati  postici  and  the  levatores  cost  arum 
as  a  first  reserve  ;  and  the  sternocleido-mastoids,  the  pectorals,  the 
serrati  antici,  and  many  more,  in  cases  of  the  greatest  respiratory 
distress. 

Increase  of  thoracic  capacity  is  chiefly  brought  about  by  the 
diaphragm,  which,  especially  in  its  muscular  parts,  becomes  flat- 
tened on  contracting.  Moreover,  its  borders,  which  are  closely 
applied  to  the  walls  of  the  thorax  dming  rest,  are  withdrawn  there- 
from in  the  act  of  inspiration.  The  remaining  muscles  act,  in  the 
majority  of  cases,  upon  the  ribs  ;  they  have,  in  general,  a  course 
from  above  downward  and  forward ;  they  are  fixed  at  their  attach- 
ments by  means  of  the  spinal  column,  or — as  in  the  cases  of  the 
pectorals  and  the  serrati  antici — of  immovable  portions  of  the 
upper  extremity,  and  hence  come  to  draw  the  ribs  outwards  and 
upwards,  whereby  the  thorax  is  enlarged. 

Each  rib  is,  in  virtue  of  its  articulation  to  the  bodies  and  transverse  process 
of  the  vertebra3,  able  to  rotate  about  a  horizontal  axis.  The  axes  of  rotation  of 
each  pair  of  ribs  converge  forward  so  as  to  include  between  them  angles  which 
diminish  from  above  downward,  being  125°  in  the  highest  rib  and  88°  in  the 
lowest  (Volkmann).  Every  elevation  of  a  pair  of  corresponding  ribs,  i.e.  every 
upward  rotation  of  them  about  the  above-named  axes,  brings  the  inclined  plane 
of  that  pair  of  ribs  nearer  the  horizontal,  and  so  enlarges  the  transverse  section 
of  the  thorax.  This  rotation  of  the  ribs  about  their  axes  is,  however,  confined 
somewhat  narrowly  by  the  pliant  but  ela-stic  cartilage  which  attaches  them  to 
the  sternum.  Hence,  at  every  elevation  of  the  ribs  there  follows,  beside  a 
I'aising  of  the  sternmu,  a  slight  torsion  of  the  costal  cartilages  about  their  long 
axes.  As  a  further  consequence  of  the  different  degi'ees  of  convergence  of  the 
axes  of  rotation  in  the  successive  pairs  of  ribs,  may  be  mentioned  the  following. 
The  upper  ribs,  whose  axes  incline  to  run  parallel  to  the  transverse  diameter  of 
the  thorax,  will,  on  being  elevated,  enlarge  the  thorax  mainly  in  an  antero- 
posterior direction  ;  while  the  lower  ribs,  whose  axes  incline  to  coincide  with 
each  other  and  with  the  antero-posterior  diameter  of  the  thorax,  will  enlarge 
the  thorax  mainly  from  side  to  side. 

A  consideration  of  what  has  now  been  said  about  the  disposition  of  the 
movable  parts  will  render  clear  the  action  of  the  rib-lifting  muscles.  How  far 
the  intercostal  muscles  are  to  be  regarded  as  elevators  of  the  ribs  may  be  seen 
from  the  following  diagram  (Hamberger).  Let  rr'  and  rr'  be  the^MSitmo;- 
portions  of  two  neighbouring  ribs  having  the  downward  and  forward  inclination 
of  the  position  of  rest;  and  rr",  7-r",  the  same  ribs  in  the  position  of  inspira- 
tion. Further,  let  a  h  represent  a  fibre  of  the  external  intercostals,  and  cd  & 
fibre  of  the  internal  intercostals.  It  is  at  a  glance  obvious  that  the  fibre  o  6  is 
shorter  in  the  raised  position  of  the  ribs  (as  a'  h'),  while  the  fibre  cd  js  shorter 
in  the  lowered  position.^    Hence  contraction  of  a  6  must  raise  both  ribs,  while 


1  If  the  angle  rR6  =  :r, 
then 

aV^  =  Rr*  +  (ra  —  -Rh)"^  +  2Rr  (ra  —  b6)  cos  x 

ciP  =  Rr*  +  (Rd— rc)*  — 2ur  (urf— rc)  cos  .t  ; 
hence  ab  will  be  larger  the  smaller  the  augic  x,  and  cd  will  be  larger  the  larger  the  angle  x, 
for  the  cosine  increases  as  the  angle  diminishes. 
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contraction  oi  cd  must  depress  them  both.  On  the  other  hand,  the  fibres  of 
the  same  muscles  situated  in  the  anterior  portions  of  the  intercostal  spaces, 
between  the  costal  angle  and  the  sternum,  have  exactly  the  opposite  effects  on 
contraction.  In  this  situation  the  internal  intercostals  are  inspiratory  muscles, 
■while  the  external  are  expiratory.  Hence,  the  external  intercostals  that  are 
fixed  to  bones,  and  the  internal  intercostals  that  are  fixed  to  cartilages,  are  all 
inspiratory.  But  since  the  external  intercostals  are,  for  the  most  part,  osseous, 
while  the  internal  intercostals  have  their  most  important  attachments  to  carti- 
lage, both  sets  of  muscles  may  be  roughly  spoken  of  as  inspiratory  in  function. 

Fig.  16. 


It  must,  however,  be  stated  that  the  action  of  these  muscles  is  not  yet  experi- 
mentally established. 

AVhile  the  elevators  of  the  ribs  enlarge  the  area  of  cross-section  of  the  thorax, 
the  contracting  diaphragm  increases  its  long  axis.  According  as  the  former  or 
the  latter  mode  of  enlargement  predominates,  it  is  usual  to  distinguish  two  types 
of  breathing,  the  costal  and  the  abdominal.  The  latter  term  is  suggested  by  the 
marked  protrusion  of  the  abdominal  wall,  which  follows  the  descent  of  the  dia- 
phragm, and  the  consequent  pressure  on  the  contents  of  the  abdomen  during 
respiration  of  the  abdominal  type.  Ooatal  movements  chiefly  mark  the  respira- 
tion of  women,  abdominal  movements  that  of  men. 

The  alternate  action  of  Expiration,  or  the  diminution  of  the 
capacity  of  the  thorax,  is,  as  a  rule,  eflfected  by  the  weight  and 
elasticity  of  the  disturbed  parts  on  the  removal  of  the  disturbing, 
or  inspiratory,  force ;  the  parts  returning  to  the  original  position 
of  equilibrium.  Grravity  determines  the  fall  of  the  ribs  ;  the  elas- 
ticity of  the  lungs  draws  the  diaphragm  upward  and  the  thoracic 
walls  inward ;  and  the  elasticity  of  the  twisted  costal  cartilages 
forces  the  ribs  back  again  to  their  original  places.  But  in  forced 
or  obstructed  expiration  muscular  action  is  called  into  play,  the 
,  expiratory  muscles  having  in  general  a  direction  from  behind  for- 
ward and  upward.  The  chief  expiratory  muscles  are  the  abdominal 
muscles,  which  by  their  contraction  compress  the  abdominal  viscera 
and  force  upward  the  diaphragm.  They,  moreover,  drag  the  ribs 
downward ;  as  do  also  the  quadratus  lumborum  and  the  serratus 
posticus  inferior  on  each  side.    The  ribs  are,  further,  depressed  by 
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those  fibres  of  the  internal  intercostals  that  stretch  between  bones, 
as  has  ah-eady  been  explained.  How  depression  of  the  ribs  lessens 
the  volume  of  the  thorax  will  be  at  once  evident  on  reflection. 

The  passages  leading  into  the  lungs  also  take  part,  at  certain  times,  in  the 
moYement  of  respiration.  Thus  the  rima  glottidis  widens  during  inspiration  ; 
and,  during  forced  inspiration,  the  nostrils  also  are  dilated  by  the  levator 
muscles  of  the  nasal  alse ;  both  acts  facilitating  the  entrance  of  air  into  the 
lungs. 

Since  the  lungs,  as  before  stated,  must  needs  follow  the  move- 
ments of  the  thoracic  walls,  every  inspiration  brings  about  an  en- 
largement of  the  lungs  in  the  transverse  and  longitudinal  diameter, 
and — since  the  diaphrag-m  withdraws  from  contact  with  the  thoracic 
walls — in  parietal  area  also.  The  last  mode  of  enlargement  is  evi- 
dently associated  with  a  down-drawing  of  the  whole  lung  along  the 
walls  of  the  thorax,  which  would  of  itself,  even  without  any  simvil- 
taneous  increase  in  the  cross-section  of  the  thorax,  lead  to  an  enlarge- 
ment of  the  cross-section  of  the  lungs  ;  for,  since  the  thorax  is 
conical  in  form,  every  cross-section  of  the  lung  would,  in  being  drawn 
down,  come  to  occupy  a  lower  and  therefore  larger  cross-section  of 
the  thorax.  This  sinking  of  the  lungs  within  the  thorax,  further, 
leads  to  a  downward  movement  of  the  trachea  and  larynx  in  in- 
spiration, an  effect  easy  to  be  observed  in  the  living  subject. 

The  enlargement  of  the  lung  on  inspiration,  which  affects  all 
the  recesses  of  the  lung,  but  chiefly  the  most  yielding  of  them — 
viz.  the  alveoli — leads  to  an  increase  in  the  gaseous  contents  of  the 
lung.  This  increase,  in  quiet  breathing,  comes  to  about  ith  of 
the  whole  contents ;  but  a  far  larger  increase  is  possible  during 
deep  inspirations.  A  measure  of  the  limits  of  this  increase  is  to 
be  found  in  what  is  known  as  the  '  vital  capacity '  of  the  lungs. 
This  term  is  applied  to  the  difference  between  the  amount  of  air 
contained  in  the  lungs  when  as  full  as  possible,  and  the  amount 
contained  in  them  when  as  empty  as  possible  ;  or,  in  other  words, 
the  amount  of  air  which  may  be  expelled  from  the  lung  dm^ng  the 
deepest  possible  expiration  after  the  deepest  possible  inspiration 
(Hutchinson).  This  amount  stands  in  a  pretty  constant  relation- 
ship to  the  size  of  the  body,  but  varies  somewhat  according  to 
occupation  and  sex ;  being  larger  in  proportion  in  men  (Arnold ). 
In  adult  men  it  is  equal  to  about  3770  cubic  centimetres. 

In  order  to  measui-e  the  vital  capacity,  use  is  made  of  the_  'spirometer' 
(Hutchinson),  which  is  a  bell  gasometer  with  equipoised  cylindrical  bell,  into 
which  air  may  be  driven  through  a  flexible  tube.  A  deep  inspiration  is  taken 
by  the  person  to  be  tested,  and  as  much  air  as  possible  expired  down  the  tube 
into  the  gasometer,  and  the  voliune  of  expired  air  read  off  according  to  the 
height  the  bell  has  been  raised.    Gas-meters  also  may  be  used  for  this  purpose. 

In  addition  to  'vital  capacity,'  there  are  other  terms  and  measurements 
which  must  be  here  mentioned.  In  the  first  place,  there  is  the  term  '  residual 
air '  (Hutchinson),  or  the  amount  of  air  still  left  in  the  limgs  after  the  deepest 
expiration.  This  may  be  determined  by  breathing  from  a  receiver  containing 
hydrogen  gas  until  no  further  change  in  the  composition  of  the  gases  of  the 
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receiver  follows;  that  is  to  say,  until  the  hydrogen  has  become  intimately 
mingled  with  the  air  in  the  lungs.  If  now,  as  deep  an  expiration  as  possible  be 
given,  we  shall  be  able  to  determine  the  amount  of  gases  still  left  in  the  lungs, 
knowing  the  composition  of  the  expired  mixture  and  the  amount  of  hydrogen 
which  is  missing  (H.  Davy,  Grehant  ^).  In  the  next  place,  there  is  the  amount 
of  air  contained  in  the  lungs  after  an  ordinary  expiration,  which  is  determined 
as  in  the  case  of  '  residual  air.'  The  difference  between  this  amount  and  the 
'  residual  air,'  or  the  amount  of  air  which  may  still  be  expired  after  an  ordinary 
expiration,  is  known  as  'reserve  air.'  Similarly,  the  difference  in  amount  of  air 
in  the  limgs  after  an  ordinary  inspiration  and  after  a  forced  inspiration  is  called 
'  complemental  air.'  The  difference  between  the  amoimts  of  air  in  the  lungs 
after  ordinary  inspiration  and  ordinary  expiration  is  called  '  tidal  air.'  If  the 
'  residual  air '  be  called  a,  the  '  reserve  air '  b,  the  '  tidal  air  '  c,  and  the  '  com- 
plemental air '  d,  then  b  +  c  +  cl  equals  the  '  vital  capacity.' 

Respecting  the  chemical  renewal  of  the  gases  in  the  lungs,  it  has  been  dis- 
covered, by  means  of  the  respiration  of  hydi'ogen  gas  (Grehant),  that  a  portion 
a  .  c  of  the  amoimt  of  air  c  taken  into  the  lungs  between  any  two -expirations, 
remains  within  the  lungs,  becoming  equally  mixed-  with  the  gases  already  there. 

•  •  CL  C 

(If  c  =  500,  then  a .  c  =  330.)    In  ordmary  respirations,  therefore,  — — ^  

equals  the  volume  of  new  air — new,  chemically  speaking — which  the  unit-volume 
of  the  lung-space  receives  at  each  inspii-ation.  This  amount  is  called  the  '  co- 
efficient of  ventilation : '  thus,  if  c  =  500,  a  +  b  +  c  =  2930,  then         =  0'113. 

It  has,  moreover,  been  found,  by  taking  a  single  inspiration  of  hydrogen  gas  and 
then  breathing  air,  that  an  amount  of  gas  inspired  equal  to  500  cubic  centi- 
metres does  not,  in  ordinary  respiration,  entirely  disappear  from  the  lungs  imtil 
the  sixth  to  the  tenth  respiration  has  been  taken  (Grehant). 

To  determine  the  movements  of  the  thorax  a  '  chest-measurer '  is  used  (Sib- 
son),  which  is  an  instrument  for  registering  the  changes  in  the  horizontal  antero- 
posterior diameter  of  the  chest.  The  instiument  is  so  applied  that  the  anterior 
chest-wall  pushes  before  it  a  rod  which  moves  an  index  ;  the  axis  of  the  indi- 
cator is  fixed  by  means  of  a  frame  to  a-  board  upon  which  the  body  rests  in  a 
horizontal  position.  Similar  apparatuses  measure  at  the  same  time  the  excur- 
sions of  the  chest-wall  in  several  diameters  (Eansome  *)  ;  and  further  modifica- 
tions of  the  apparatus  have  been  devised  to  give  gTaphic  records,  and  are  called 
'  Stethographs '  (Riegel).  The  '  Pneumograph '  or  '  Atmogi-aph '  ofMareyisa 
girdle,  in  the  coiurse  of  which  an  elastic  cylinder  is  interposed,  the  capacity  of 
which  is  enlarged  by  the  movement  of  inspiration,  and  the  consequent  changes 
of  pressure  in  the  interior  of  which  are  graphically  recorded  by  means  of  tam- 
bours and  writing-levers.  By  this  means  the  variations  in  the  circumferential 
measurements  of  the  chest  are  taken  ;  but  in  the  same  manner,  viz.  by  making 
use  of  the  compression  of  air  in  drums,  &c.,  the  diametric  changes  may  also  be 
recorded  (Fick).  In  the  lower  animals  the  movements  of  the  diaphragm  may 
be  also  deterpiined  ;  either  by  means  of  a  needle  piercing  the  body-walls  and 
stuck  into  the  diaphrngm  (Snellen)j  or  by  means  of  a  lever  introduced  into  the 
abdominal  cavity  and  placed  in  contact  witii  the  abdominal  aspect  of  the  dia- 
phragm. In  the  latter  case  the  lever  may  be  made  to  record  its  movements  as 
curves  upon  a  strip  of  paper  passed  in  front  of  it,  and  the  instrument  is  then 
called  a  '  Phrenogi-aph '  (Rosenthal). 

Since  the  thorax  becomes  enlarged  during  inspiration,  all  the  hollow  viscera 
contained  within  its  walls  must  tend  to  expand ;  and  hence  the  '  negative  pres- 
sure' (p.  194)  under  which  the  heai-t  and  thoracic  vessels  exist  is  increased, 
and  the  aspiration  which  they  normally  exert  on  their  contents  intensified 
(p.  99).    On  the  other  hand,  the  act  of  expiration,  which  in  ordinary  cases 


'  Grehant,  Journal  ck  I'Anatnmie,  vol.  i,  p.  523.. 
*  Ransome,  Oil  ^Uiliometry.    Loudon,  187C» 
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merely  removes  the  inspiratory  increase  of  negative  pressure,  may,  if  forced, 
completely  annul  it  or  even  convert  it  into  a  positive  pressm-e.  Thus  the"  pres- 
sure becomes  positive  when,  duiing  active  expiratory  effoi-ts,  the  expulsion  of 
air  from  the  lungs  is  hindered  by  closure  of  the  rima  glottidis.  The  aspiration 
of  the  thorax  is  by  some  considered  to  quicken  the  current  of  the  blood  through 
the  lungs  (Haller,  Qiuncke  and  Pfeiffer),  but  by  others  to  slow  it  (Poiseuille, 
J.  J.  Miiller).  Increased  pressure  in  the  air  passages  slows  the  pulmonary 
circulation  (Quincke  and  Pfeiller).  The  pulmonary  vessels  are  very  extensible 
and  have  but  slight  tonus,  so  that  closure  of  large  arterial  trunks  of  the  pul- 
monary system  hardly  alfects  the  greater  circulation  (Lichtheim).  Concerning 
the  vaso-motor  mechanism  of  the  lungs  consult  p.  113. 

The  pressure  of  the  air  in  the  introductory  air-passages,  which  is  like  that 
of  the  atmosphere  when  the  subj«ct  is  not  breathing,  undergoes  slight  variations 
during  the  respiratory  cycle,  owing  to  the  constricted  orifices  of  nostrils  and 
larynx.  These  are:  a  negative  pressure,  equal  to  about  —1mm.  in  inspiration, 
and  a  positive  pressure,  equal  to  from  1-3  mm.  in  expiration.  This  may  be 
demonstrated,  in  the  case  of  animals,  by  connecting  a  manometer  laterally  with 
the  trachea,  and,  in  the  case  of  man,  by  fixing  a  manometer  into  one  nostril 
and  breathing  through  the  other  while  the  mouth  is  kept  closed.  The  mano- 
meter vmder  these  circumstances  also  shows  variations  of  pressure  of  cardiac 
origin,  since  the  amount  of  blood  in  the  thorax  varies  with  the  phases  of  the 
cardiac  cycle  (Oeradini,  Landois).] 

The  friction  against  the  walls  of  the  larynx  and  the  system  of  tubes  through 
-which  the  current  of  air  passes  during  each  inspiration,  gives  rise  to  murmurs 
audible  by  the  ear  applied  to  the  chest-wall.  In  the  unyielding  parts  (larynx, 
■trachea,  and  larger  bronchi)  this  murmiu*  has  a  more  whiffing,  breezy  character 
(  =  A  or  ch,  '  hronchicd  murmur  ')  ;  in  the  smallest  bronchi,  where  the  air  has  to 
force  its  way  through  narrow  channels,  it  is  more  of  a  sipping,  hissing,  or  whizz- 
ing nature  ,(  =  v  or  /,  '  vesicular  miminur  ').  In  the  superficial  respiration  (of 
grown-up  men)  the  character  of  the  murmur  becomes  indeterminate ;  in  like 
manner  regidar  expiration  produces  an  indistinct  weak  murmur.  [Many  con.sider 
the  '  vesicular  murmur '  also  to  arise  in  the  large  air-passages,  i.e.  they  regard  it 
as  a  '  bronchial  murmur '  modified  by  passing  through  a  parenchyma  filled  with 
air.] 

Bkythm  and  Innervation  of  the  Respiratory  Movements. 

The  movements  of  inspiration  and  expiration  can  be  produced 
at  will.  Ordinarily,  however,  they  are  involuntary,  and  have  a 
certain  rhythm  and  a  certain  intensity  or  depth. 

We  are  able  at  will  to  vary  both,  in  any  manner  we  like  ;  but 
'total  -cessation  is  only  possible  for  a  very  brief  period  of  time. 
The  medium  frequency  of  respiration  in  an  adult  is  18  per  minute. 

The  respiratory  movements  are  comparatively  frequent  in  the  very  young 
and  the  very  old,  in  the  female,  at  high  temperatm-es,  diuing  muscular  effort, 
during  digestion  ;  they  are  increased  under  the  influence  of  emotions,  and  after 
a  temporary  suppression  of  respiration,  these  agencies  being  tlie  same  as  cause 
an  increased  frequency  of  pulse.  In  general  one  respu-ation  corresponds  to  four 
heart's  contractions.  The  influence  of  the  passions  afiects  not  only  the  frequency 
but  also  the  depth  and  the  form  of  the  respiratory  movements ;  the  latter  pro- 
ducing thereby  sometimes  characteristic  sounds  or  murmurs  in  the  tubes  which 
conduct  the  air  to  the  kmgs.  To  this  category  of  characteristic  sounds  belong : 
sobbing,  when  the  inspirations  succeed  each  other  quickly ;  sighing,  when  a  deep 
inspiration  is  followed  by  a  forced  expiration ;  ymvning,  when  there  is  slow  and 
prolonged  inspiration  while  the  mouth  is  kept  spasmodically  opened ;  laughing, 
where  there  is  a  jerking,  interrupted  expiration ;  &c. 
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The  impulse  to  the  involuntary  rhythmical  respiratory  move- 
ments proceeds  from  a  circumscribed  spot  in  the  medulla  oblongata, 
which  is  situated  at  the  place  of  origin  of  the  pneumogastric  and 
spinal  accessory  nerves  (Chap.  XL):  the  destruction  of  this  spot 
suppresses  at  once  all  respiration,  and  is  therefore  fatal  ( '  Noeud 
vital,'  Flourens).  From  this  spot  the  diaphragm  is  acted  upon 
through  the  phrenic  nerves,  and  the  other  inspiratory  muscles 
through  the  external  thoracic  nerves;  expiration  also,  as  far  as  mus- 
cular forces  are  concerned  in  it,  is  under  its  influence.  The  rhythm 
of  the  excitations  of  the  respiratory  centre  is  influenced  by  certain 
fibres  which  run  in  the  course  of  the  pneumogastric,  and  which 
are  in  a  constant  state  of  irritation.  There  are  two  kinds  of  these 
fibres :  the  one  kind  are  accelerating  ;  the  other,  which  the  pneu- 
mogastric receives  from  the  Eamus  laryngeus  superior  (Rosenthal '), 
or  according  to  other  authors  (Pfliiger  and  Burkart,^  Hering  and 
Breuer  ^)  from  other  nerves,  particularly  the  Ramus  laryngeus  in- 
ferior, are  retarding,  regulating  or  inhibitory.  Ordinarily  the 
excitation  of  the  former  (the  accelerating)  fibres  predominates ; 
for  after  division  of  one  or  both  vagi  (in  the  neck)  the  respiratory 
rhythm  becomes  slower  (Traube  ■*) :  on  artificial  irritation  also  of 
the  central  end  of  the  diyided  vagi,  the  excitation  of  accelerating- 
fibres  usually  overbalances  the  other  (the  inhibitory),  respiration 
in  consequence  becoming  quicker :  if  the  irritation  is  stronger 
still,  it  becomes  tetanic,  i.e.,  the  diaphragm  remains  in  a  state  of 
contraction — inspiration  (Traube).  At  times,  however,  we  have 
the  opposite  eSect  on  strong  irritation,  namely,  the  arrest  of  the 
diaphragm  in  a  state  of  relaxation — expiration:  this  is  particu- 
larly the  case  on  the  fatigue  of  the  nerves,  the  result  being  due  to 
the  fact  that  the  inhibitory  fibres  do  not  so  quickly  become  ex- 
hausted (Burkart).  On  excitation  of  the  regulator-fibres  the  respi- 
ratory movements  become  deeper  or  more  superficial  in  the  same 
ratio  as  they  become  slower  or  quicker,  so  that  the  activity  of  the 
medulla  oblongata  remains  nearly  the  same,  though  it  is  differently 
distributed;  after  section  of  the  vagi,  at  least,  the  inspired  quanti- 
ties of  gas  are  on  the  whole  not  less  (Rosenthal),  and  the  gaseous 
exchange,  at  all  events  at  the  commencement,  is  not  altered  (Voit 
and  Rauber).  The  inspiratory  muscles  not  in  action  before  irri- 
tation of  the  accelerating  fibres  are  not  affected  by  the  irritation, 
which  suspends  also  the  action  of  those  expiratory  muscles  which 
happened  to  be  in  action  before.  On  the  other  hand,  with  the  in- 
creasing irritation  of  the  inhibitory  fibres,  the  expiratory  muscles 

^  "Rosenthsil,  Die  Athembewequngen  uiid  Hire  Beziehungen  zum  Nervus  Vagus.  Berlin, 
Vtr/  p'-^-'"^''       EinfluBS  des  Vagus  auf  Atheinbewegungen.'  Archiv f.  Anat.  u.  Physiol. 

2  Burkart,  Pfliiga-'s  Archiv.    Vol.  i.  p.  107. 

^  Hreuer,  SiUungsber.  d.  Wien.  Ahad.    18G8,  Heft  12. 

*  1  raube,  Gesain.  Beitrage.    Jid.  1. 


202      INNERVATION  OF  RESPIRATORY  MOVEMENTS. 


will  at  last  come  into  play  (Rosenthal),  after  the  inspiratory  move- 
ments have  ceased. 

The  accelerating  and  inhibitory  fibres  belong  to  the  class  of  regulator-nerves 
(for  details  see  Chap.  XI.)  Different  views  have  already  been  expressed  about 
the  mode  in  which  this  regulation  is  set  in  motion  peripherally  during  life 
(Rosenthal,  Sklarek,  Hering  and  Breuer).  The  state  of  distension  of  the  lungs 
seems  to  act  mechanically  as  an  excitant  of  these  fibres  (Rosenthal) ;  expansion, 
on  the  one  hand,  exciting  the  inhibitory  fibres,  which  act  as  expiratory  fibres, 
and  contraction,  on  the  other,  exciting  the  accelerating,  which  act  as  inspiratory 
fibres :  in  this  way  there  would  be  a  sort  of  self-regulating  mechanism  presiding 
over  the  movements  of  respiration  (Ilering  and  Breuer).  The  presence  of 
regulator-fibres  in  the  laryngeal  nerves  also  shows  that  the  larynx  takes  part  in 
this  regulation  (Sklarek). 

Irritation  of  the  mucous  membrane  of  the  nose  causes  for  some  time  an 
arrest  of  respiration  during  expiration  ;  this  effect  is  brought  about  not  by 
the  olfactory  nerve,  but  by  the  fifth  (Hering  and  Kratschmer).  A  similar 
arrest  in  expiration  follows  the  irritation  of  many  cutaneous  nerves,  as.  for 
example,  the  irritation  of  the  cutaneous  nerves  of  the  chest  on  plunging  into 
water  (Schiff",  Falk). 

The  exciting  cause  of  the  respiratory  movements,  of  which 
more  will  be  said  further  on,  may  either  act  directly  on  the 
medulla  oblongata  (Rosenthal)  or  on  the  terminations  of  the  cen- 
tripetal nerves  going  to  the  medulla  oblongata  (Rach,  v.  Wittich), 
in  which  latter  case  respiration  would  be  a  Reflex  act.  The  deci- 
sive experiment — namely,  to  determine  whether  all  respiratory 
movements  cease  after  the  separation  of  the  medulla  oblongata 
from  all  its  centripetal  fibres — has  been  repeated  by  both  sides  with 
different  results.  It  is,  therefore,  not  possible  to  come  to  a  deci- 
sion on  this  point,  as  other  experiments  carried  out  to  support 
these  two  views  do  not  agree  among  themselves. 

The  exciting  cause  itself  consists  in  the  presence  of  a  certain 
amount  of  oxygen  and  carbonic  acid  in  the  blood.  The  following 
facts  prove  that  this  condition  of  the  blood  causes  the  respiratory 
movements: — 1.  The  respiratory  movements  can  be  totally  arrested 
if,  either  by  a  forced  artificial  respiration  (by  blowing  air  into 
the  lung)  or  by  voluntary  forced  breathing,  the  blood  becomes 
saturated  with  oxygen  and  poor  in  carbonic  acid  {^Apnoea ').  2.  Re- 
spiration becomes  stronger,  and  the  more  accessory  muscles  take 
part  in  it  ('  Dyspnoea  : '  see  Appendix),  the  poorer  in  oxygen  and 
the  richer  in  carbonic  acid  the  blood  is  :  as  e.g.  on  the  entrance  of 
air  or  fluid  into  the  pleural  cavities,  causing  a  collapse  of  the 
lungs,  or  when  by  inflammation,  &c.,  the  lungs  are  made  unfit  for 
respiration.  The  first  respiratory  movement  in  the  foetus  is  in 
like  manner  caused  by  interruption  of  the  respiration  carried  on 
through  the  placenta,  which  causes  a  sudden  deficiency  of  the  oxy- 
gen in  the  blood,  while  the  carbonic  acid  accumulates  (Schwartz). 
3.  The  same  effect  will  be  produced  if  this  alteration  in  the  com- 
position of  the  blood  takes  place  only  locally  in  the  vessels  of  the 
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medulla  oblongata ;  ^  this  happens,  e.g.  on  stagnation  of  the  blood 
in  these  vessels,  as  after  ligature  of  all  arteries  going  to  the  brain 
(Kussmaul  and  Tenner,^  Eosenthal)  or  on  preventing  the  return  of 
venous  blood  from  the  brain  (Hermann  and  Escher),  whereby  the 
blood  becomes  poorer  in  oxygen  and  richer  in  carbonic  acid. 

A  very  great  deficiency  of  oxygen  destroys  the  excitability  of 
the  medulla  oblongata,  and  no  irritation  whatever,  not  even  a  large 
surcharge  of  carbonic  acid,  will  again  start  respiration.  This  con- 
dition is  called  '  Asphyxia '  (see  Appendix). 

As  almost  all  the  conditions  which  increase  the  amount  of  carhonic  acid  in 
the  blood  are  associated  with  a  decrease  in  the  quantity  of  oxygen,  it  is  diffi- 
cult to  decide  whether  the  want  of  oxygen  or  the  accumulation  of  the  carhonic 
acid  is  the  real  '  exciting  cause '  for  the  respii'atory  movements.  For  the  pre- 
sent it  will  be  best  to  look  upon  both  conditions  as  constituting  the  '  increased 
venosity'  or  '  dyspnceic  quality '  of  the  blood  (Hering).  It  is  proved  that  re- 
spiration and  dyspnoea  may  be  caused  by  both  a  deficiency  of  oxygen  without 
accumulation  of  carbonic  acid  (as  in  the  respiration  or  artificial  inflation  of  the 
lungs  by  indiff'ereut  gases  fi-ee  from  oxygen  (H,  N,  N„0)  (Rosenthal),  and  also 
by  an  accumulation  of  OOj  vnthout  any  deficiency  of  the  0  (as  in  the  respiration 
of  air  which  is  rich  in  OO2  without  being  poor  in  0)  (Traube).  The  argument 
that  in  the  first  case  also  there  is  in  reality  an  accumulation  of  OOj,  because  the 
indifferent  gases  cannot  expel  the  00  from  the  blood  as  completely  as  0  does, 
and  that  therefore  in  both  these  cases  the  OOj  is  really  the  excitant  (Thiry), 
is  refuted  by  the  consideration  that  the  respii-ation  of  nitrogen  causes  no  accu- 
mulation of  OO2  in  the  blood  (Pfliiger).  We  must  therefore  conclude  (Doh- 
men,  Pfliiger)  either  that  a  deficiency  of  oxygen  by  itself,  and  likewise  an 
accumulation  of  carbonic  acid  by  itself,  may  excite  the  respiratory  centre,  or 
(Hermann)  that  if  the  OO2  is  alone  the  exciting  cause,  its  action  is  the  less 
powerful  the  larger  the  amount  of  0  present,  just  as  the  action  of  strychnia,  for 
example,  is  prevented  when  the  blood  is  satm-ated  with  oxygen  :  see  Chap.  XI. 

In  apncea  the  amount  of  0  present  is  increased  in  arterial  and  diminished  in 
venous  blood  (Ewald)  ;  the  latter  condition  is  probably  produced  by  a  dimi- 
nution in  the  velocity  of  the  blood-current  in  consequence  of  the  great  decrease 
of  the  arterial  blood-pressure  (Pfliiger). 

The  phenomenon  of  Oheyne  and  Stokes  is  a  peculiar  case  of  abnormal  regu- 
lation of  the  respiratory  movements :  In  patients  suffering  from  cerebral  and 
cardiac  affections  there  occurs  sometimes  an  intermittence  of  respiration  ;  after 
each  pause  the  respiration  increases  till  dyspnoea  is  produced,  when  it  gradually 
sinks  again  till  the  next  pause.  As  an  explanation  it  is  stated  (Traube)  that 
when  the  excitability  of  the  respiratory  centre  is  diminished,  a  consideraljle  in- 
crease in  the  venous  state  of  the  blood  is  required  each  time  in  order  to  excite 
it ;  the  powerful  respirations  which  eventually  appear  will,  however,  again  con- 
siderably diminish  the  venous  state. 

Appendix  to  the  Mechanism  of  Respiration. 

The  introductory  passages  concerned  in  respiration  are  the  nasal  apertures,  the 
pharyngo-nasal  cavity,  the  larynx,  and  the  trachea.  Respiration  by  the  mouth, 
although  frequently  voluntary,  as  a  rule  merely  serves  to  replace  that  by  the 


This,  however,  is  no  criterion  for  the  determination  of  the  question  whether  the  re- 
spirntor)'  movements  are  a  reflex  act  or  not ;  for  the  advocates  of  tlie  first  view  will  explain 
these  results  by  holding  the  blood  of  the  medulla  oblongata  to  exert  an  influence  in  the 
production  of  the  reflex  action. 

*  Kussmaul  and  Tenner,  On  the  Nature  and  Ori'nm  of  EpUepliform  Convithions. 
New  Sydenham  Society.  1859. 
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nose,  _wlien  the  passages  of  the  latter  are  from  any  cause  obstructed.  The  above- 
in  eutioned  channels  in  part  subserve  the  purposes  of  respiration  by  means  of 
suitable  arrangements  with  v?hich  they  are  provided,  and  in  part  are  the  seat 
of  certain  movements  which  are  induced  in  them  by  the  motions  of  respiration. 
The  inspired  air,  in  passing  along  them  to  the  lungs,  is  warmed,  and  deprived, 
by  contact  with  the  walls,  of  the  coarser  solid  impmities  which  it  may  contain. 
These  particles,  as  well  as  superfluous  mucus,  &c.,  are  driven  outwards  by  the 
waving  cilia  which  are  present  on  nearly  every  portion  of  the  walls. 

The  larynx  further  possesses  in  the  vocal  cords  an  apparatus  for  preventing 
the  entrance  into  the  trachea  of  foreign  bodies,  such  as  saliva,  small  portions  of 
food,  &c.,  as  well  as  of  certain  irritating  gases ;  for  every  stimulus  causes  reflex 
closure  of  the  glottis.  If  the  glottidean  muscles  be  paralyzed  by  section  of  the 
vagi,  or  of  the  inferior  laryngeal  branches  of  the  vagi,  such  foreign  bodies  gain 
entrance  into  the  lungs  easily,  and  induce  fatal  inflammations  (Traube). 

The  expulsion  of  foreign  particles  which  have  either  found  their  way  into 
the  respiratory  passages,  or  have  arisen  there  as  pathological  products  (mucus), 
is  brought  about  by  the  stimulation  of  the  mucous  membrane  which  they  cause, 
and  which  induces,  in  a  reflex  manner,  an  explosive  expiratory  blast  of  air,  by 
which  they  are  driven  out.  Such  explosive  expiration  is  called  sneezing  when 
the  nasal  cavities  are  concerned,  and  coughimj  when  the  irritant  is  in  the  larynx. 
Each  is  accompanied  by  a  noise  produced  by  the  sudden  bursting  open  of  a 
closed  aperture,  which  in  sneezing  is  formed  by  the  apposition  of  the  velum 
palati  to  the  pharyngeal  wall,  and  in  coughing  by  the  apposed  vocal  cords. 
Coughing  may  be  induced  by  mechanical  irritation  of  any  portion  of  the  respira- 
tory mucous  membrane  fi'om  the  lower  surface  of  the  upper  vocal  cords  to  the 
alveoli,  but  it  is  especially  violent  when  the  irritant  is  applied  at  the  larynx,  or 
at  the  place  of  bifurcation  of  the  trachea  below  (Nothnagel).  The  sensory 
nerves  implicated  iu  the  reflex  act  of  sneezing  are  the  trigeminal  nerve,  and  pos- 
sibly also  the  olfactory  nerve,  and  in  coughing  probably  the  superior  laiyngeal 
branches  of  the  vagi  especially.  Ooughing  may  also  be  voluntary.  It  is  quite 
possible  that  the  bronchial  muscles  referred  to  previously  (p.  195)  may  assist  in 
expelling  mucus,  &c.,  from  the  finer  bronchial  tubes. 

Expired  air  may  be  used  voluntarily  for  purposes  similar  to  those  just  dis- 
cussed. For  examjDle,  mucus  may  be  driven  from  the  nose,  the  nostrils  being 
voluntarily  compressed  from  without  in  the  process  of  what  is  called  '  blowing 
the  nose  ; '  or  through  the  isthmus  of  the  fauces,  which  is  narrowed  by  muscular 
action,  as  in  '  clearing  the  throat.'  Fluids  which  it  is  desired  to  keep  in  the 
throat  for  some  time  without  swallowing  are  prevented  from  entering  into  the 
air-passages  by  keeping  up  a  stream  of  expired  air,  which,  as  it  escapes  through 
the  fluid  in  bubbles,  causes  the  characteristic  noise  of  '  gargling.'  "Warm  and 
moist  air  expired  through  the  widely-opened  mouth  may  be  used  for  the  pur- 
poses of  heating  and  moistening.  Finally,  vocal  cords,  uvula,  tongue,  lips,  or 
any  of  the  other  apparatuses  of  the  mouth  for  the  purpose  of  vocalizing,  may  be 
set  in  sonorous  vibration,  as  in  '  singing,'  '  speaking,'  '  blowing.'  (Voice  and 
speech  are  discussed  in  Chapter  VIII.) 

If  the  glottis  be  closed  after  a  deep  inspiration,  and  the  abdominal  muscles 
then  powerfully  contracted,  the  viscera  of  the  abdomen  become  strongly  com- 
pressed, and  such  pressure  may  aid  in  the  expulsion  of  the  contents  of  the  various 
abdominal  organs— rectum,  bladder,  and  uterus  (abdominal  pressure). 
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CONSEQUENCES  OF  A  DEFICIENCY  OF  OXYGEN. 

If  by  any  means  the  access  of  oxygen  to  the  blood  be  prevented 
altogether,  or  the  quantity  entering  be  diminished  in  an  important 
manner ;  or  if  the  oxygen  which  already  exists  in  the  blood  be  ex- 
pelled from  it  or  removed  in  any  other  way ;  a  group  of  pheno- 
mena can  be  observed,  which  ultimately  end  in  death  (asphyxia, 
suffocation). 

The  oxygen  which  exists  in  chemical  combination  in  the  blood 
can  be  expelled  from  it  by  the  inhalation  of  carbonic  oxide ; 
farther,  the  oxygen  of  the  blood  can  be  removed  by  substances 
which  unite  with  it,  as,  e.f/.,  sulphuretted  hydrogen.  The  circum- 
stances which,  according  as  they  are  in  full  or  partial  operation, 
check  or  altogether  put  a  stop  to  the  oxygenation  of  the  blood, 
are  the  following:  1.  A  want  of  oxygen  in  the  medium  breathed 
{e.g.,  prolonged  respiration  in  a  limited  space  of  air,  respiration 
in  a  vacuum  or  under  water).  2.  In  the  foetus,  the  separation 
of  the  placenta  or  closure  of  the  umbilical  vessels  before  birth. 
3.  Interruption  to  the  cutaneous  or  pulmonary  respiration,  the 
former  by  varnish  being  applied  to  the  skin,  the  latter  by  closure 
of  the  air-conducting  passages.  The  closure  may  be  due  to  ex- 
ternal causes,  as  when  pressure  is  applied  from  without,  in  stran- 
gulation, or  to  internal  causes,  such  as  the  following :  spasmodic 
closure  of  the  glottis  ;  obstruction  caused  by  foreign  bodies  or 
tumours ;  accumulation  of  morbid  products,  as  mucus,  in  the 
bronchi ;  collapse  of  the  lungs  by  the  entrance  of  air  or  water  into 
the  pleural  cavities  (pneumothorax,  pleuritic  exudations)  ;  partial 
destruction  of  the  lungs  (as  in  phthisis)  ;  cessation  of  the  respira- 
tory movements  ;  and,  lastly,  embolism  of  the  pulmonary  artery. 

When  placed  in  a  chamber  in  which  the  air  is  rarified,  warm- 
blooded animals  die  before  the  whole  of  the  oxygen  has  been  con- 
sumed, in  consequence  of  the  evolution  of  gas  within  the  blood, 
which  leads  to  disturbance  of  the  circulation  (Hoppe-Seyler.)  In 
compressed  air  death  ensues  in  consequence  of  tlie  elimination  of 
carbonic  acid  being  hindered  (Bert). 

With  the  impoverishment  in  oxygen  which  the  blood  undergoes 
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under  the  above-mentioned  circumstances,  there  is  generally  also 
an  increase  in  the  carbonic  acid  of  that  fluid,  and  these  changes  in 
the  gases  of  the  blood,  as  before  said,  at  once  cause  the  respiratory 
movements  to  become  slower  and  deeper,  under  the  influence  of 
the  accessory  muscles  of  respiration ;  this  change  in  the  respira- 
tory movements  constitutes  dyspnoea.  Dyspnoea  is  a  regulating 
act,  for  in  the  majority  of  cases  (unless  when  there  is  a  complete 
absence  of  oxygen  in  the  respiratory  medium,  or  when  the  passage 
of  oxygen  to  the  alveoli  is  quite  impossible)  it  leads  to  an  increase 
in  the  quantity  of  oxygen  contained  in  the  blood,  and  then  itself 
ceases. 

If  the  impoverishment  in  oxygen  proceeds  further,  general 
spasms  of  all  the  muscles  of  the  body  set  in  (clonic  convulsions)  ; 
the  centre  which  presides  over  these  is  situated  in  the  medulla 
oblongata,  so  that  we  must  suppose  that  the  stimulus  which  leads 
to  normal  respiration,  if  it  be  increased  beyond  a  certain  degree, 
exerts  its  action  not  only  on  the  respiratory,  but  on  neighbouring 
centres  which  were  normally  less  irritable.  Later  on  a  contraction 
of  the  muscular  coats  of  blood  vessels  occm-s  which  exerts  an 
action  upon  the  heart.  This  spasm  of  blood  vessels  is  an  inter- 
mitting one  (Traube),  and  follows  the  same  rhythm  as  governs 
the  rudimentary  spasms  of  respiration,  which  are  perceptible  even 
at  this  stage.    (Hering  :  compare  Chapter  XI.) 

The  spasms  also  occur  when  the  flow  of  blood  to  the  head  is  cut 
ofif,  by  ligaturing  the  carotid  and  vertebral  arteries,  and  also  when 
an  animal  loses  large  quantities  of  blood  (Kussmaul  and  Tenner) ; 
when  produced  in  these  ways  the  spasms  have  been  designated 
'  ansemic  : '  their  true  cause  is,  however,  in  all  cases,  the  presence 
of  stagnating  blood  in  the  capillaries  of  the  brain — that  is  to  say, 
of  blood  which  is  poor  in  oxygen  and  rich  in  carbonic  acid — and 
they  can  therefore  be  produced  by  preventing  the  return  of  venous 
blood  from  the  brain  (Hermann  and  Escher).  Even  in  the  experi- 
ment of  Kussmaul  and  Tenner,  dyspnoea  precedes  the  spasms 
(Eosenthal ).  After  haemorrhage  we  can  readily  conceive  how  stag- 
nation of  blood  in  the  vessels  of  the  brain  may  result  in  consequence 
of  insufiiciency  of  the  propulsive  power :  it  would,  however,  in  this 
case,  be  just  as  easy  to  suppose  that  either  the  want  of  oxygen  or 
the  increase  in  the  quantity  of  carbonic  acid  might  act  as  exci- 
tants of  the  substance  of  the  brain. 

If  the  want  of  oxygen  proceeds  still  further,  the  irritability  of 
the  nerve-centres,  which  requires  for  its  maintenance  a  certain 
supply  of  oxygen,  ceases,  and  the  strongest  irritants  cannot  occasion 
either  movements  of  respiration  or  spasms,  which,  therefore,  are  in 
complete  abeyance :  this  condition,  which  must  not  be  confounded 
with  'Apno3a'  (p.  202),  is  called  'Asphyxia.'  When  it  has  set 
in,  the  heart  very  soon  ceases  to  beat,  and  death  (by  suffocation ) 
occurs. 
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In  the  state  of  asphyxia,  so  long  as  the  heart  continues  to  heat,  recovery  is 
still  possihle  (except  in  cases  where  the  blood  has  been  saturated  with  carbonic 
oxide)  by  distending  the  lungs  with  oxygen  (artificial  respii-ation).  The  phe- 
nomena which  were  previously  referred'  to  as  occurring  necessarily  during  the 
production  of  asphyxia  then  recur,  but  in  inverse  order,  viz.,  first  of  all  spasms, 
then  dyspnoea,  then  normal  respiration,  and  lastly,  if  aii-  be  very  energetically 
introduced,  apnoea. 

In  the  dead  bodies  of  asphyxiated  animals  no  difference  exists 
between  arterial  and  venous  blood.  All  the  blood  of  the  body  is 
of  a  dark  red  colour  (this  is  not  the  case  when  death  has  resulted 
by  the  action  of  carbonic  oxide) ;  no  oxygen  capable  of  being  re- 
moved by  the  usual  means  is  present,  and  the  blood  exhibits,  when 
it  is  examined  with  the  aid  of  the  spectroscope,  the  absorption 
band  of  reduced  haemoglobin;  the  quantity  of  carbonic  acid  is, 
on  the  other  hand,  increased,  although  not  to  such  an  extent  as 
would  correspond  with  the  diminution  in  the  quantity  of  oxygen. 
The  quantity  of  combined  carbonic  acid  and  of  nitrogen  remain 
unchanged  (Setschenow). 

If  the  blood  of  asphyxiated  animals  be  shaken  with  oxygen,  a  portion  of  the 
latter  is  at  once  consumed,  carbonic  acid  being  formed,  apparently  in  consequence 
of  the  presence  of  easily-oxidised  (reducing)  substances. 

When  the  deficiency  of  oxygen  persists  for  a  long  period,  but 
in  a  moderate  degree,  e.g.,  in  cases  of  partial  destruction  of  lung, 
as  in  one-sided  pneumothorax,  the  requirement  of  oxygen  and  its 
supply  become  adjusted  :  in  consequence,  those  functions  of  the 
body  which  are  associated  with  oxidation  become  correspondingly 
diminished,  and  the  body  becomes  cooler,  more  flaccid,  the  respi- 
ratory movements  becoming  more  rapid.  Continuous  deficiency  of 
oxygen  makes  itself  perceived  by  the  darker  colom*  of  the  blood, 
which,  aided  by  a  relaxation  of  the  smaller  arteries,  causes  the  blue 
tint  presented  by  the  lips,  and  other  mucous  membranes,  termed 
Cyanosis. 

Respiration  of  Foreign  Oases. 

In  warm-blooded  animals  the  supply  of  oxygen  cannot,  consis- 
tently with  the  preservation  of  life,  be  dispensed  with  even  for  the 
shortest  time :  still  the  oxygen  may  be  mixed  with  other  innocuous 
gases  (hydrogen,  nitrogen),  as  in  the  atmosphere. 

The  statement  that  nitrous  oxide  (laughing-gas)  could  replace 
oxygen  for  considerable  lengths  of  time  (H.  Davy)  has  not  been 
confirmed ;  pure  NjO  causes  dyspnoea  and  asphyxia  to  occur  at 
once  in  warm-blooded  animals  ;  but  in  man  the  former  is  not  per- 
ceived, owing  to  the  intoxication  it  produces  (Hermann  •). 

The  other  gases  may  be  classified,  in  so  far  as  their  action  on 
living  beings  is  concerned,  in  the  following  manner  : — 

1  Hermann,  'Ueber  die  physiolog.  Wirkungen  des  Stickstoflfoxydulgnaes.'  Archiv  f 
Jnat.  u.  Phys.    1864,  p.  521.  ^ 
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A.  Indifferent  Oases. — These  can,  "when  mixed  with  oxygen, 
be  respired  for  an  indefinite  time  without  injurious  consequences. 
1.  Nitrogen  ;  2.  Hydrogen  ;  3.  Marsh  gas.  If  inhaled  alone,  they 
occasion  dyspnoea,  spasms,  and  asphyxia. 

B.  Irrespirable  Oases. — These  can  only  be  respired  when  very 
small  quantities  of  them  are  mixed  with  other  gases,  because  in 
more  concentrated  states  they  induce,  by  reflex  action,  spasm  of  the 
glottis.    To  this  group  belong  : 

a.  Oaseous  acids. — 1.  Carbonic  acid,  which  being  the  weakest 
acid  is  in  the  least  degree  irrespirable,  and  can  therefore  be 
respired  in  a  tolerably  concenti-ated  form  ;  when  it  is  respired 
through  tracheal  fistulae  it  exerts  a  poisonous  action  (it  therefore 
has  a  place  under  Grroup  C).  2.  Hydrochloric  acid ;  3.  Hydi'O- 
fluoric  acid  ;  4.  Hyponitric  acid ;  5.  Sulphurous  acid,  &c. 

b.  Oases  which  form  acids. — 1.  Nitric  oxide  (NO),  when 
mixed  with  oxygen,  at  once  forms  hyponitric  acid  (NO  +  0  =  NOj), 
and  would  prove  poisonous  could  it  reach  the  blood  (consult 
Grroup  C).  2.  Phosgene  gas  (chloro-carbonic  oxide)  COClj,  when 
it  comes  in  contact  with  water,  at  once  splits  into  carbonic  acid 
and  hydrochloric  acid  (COCl2  +  H20  =  C02  +  2HCl).  3.  Chloride 
of  boron  (BClg)  in  contact  with  water  gives  boracic  and  hydro- 
chloric acids.  4.  Fluoride  of  boron  (B  Fig)  in  contact  with  water 
gives  boracic  acid  and  hydroborofluoric  acid.  5.  Fluoride  of 
silicon  (SiFl^)  under  similar  circumstances  gives  silicic  acid  and 
hydrofluosilicic  acid,  &c. 

c.  Alkaline  gases. — 1.  Ammonia;  2.  Substitution  derivatives 
of  ammonia,,  as  methylamine,  &c. 

d.  Oases  capable  of  forming  substitution  compounds  or  of 
exerting  an  oxidizing  action. — 1.  Chlorine;  2.  Fluorine  (?)  ; 
.3.  Ozone. 

Irrespirable  gases  can  be  introduced,  through  tracheal  fistulae, 
into  the  lungs  of  the  lower  animals  ;  they  generally  exert  a  strongly 
destructive  action  upon  these  organs.  Spasm  of  the  glottis  is 
therefore  a  protective  act,  and  it  ceases  after  the  vagi  has  been 
divided. 

C.  Poisonous  Oases.— These  can  be  respired,  but  being  taken 
into  the  blood  they  lead  to  injm'ious  or  fatal  consequences. 

This  group  can  be  subdivided  as  follows : 

a.  Reducing  Oases.— These  become  oxidised  at  the  expense 
of  the  blood,  the  oxygen  of  which  they  remove ;  in  this  manner 
they  lead  to  the  phenomena  which  are  caused  by  a  deficiency  of 
oxygen,  dyspnoea,  convulsions,  and  asphyxia.  1.  Sulphuretted 
hydrogen,  H^S,  is  oxidized  in  the  blood,  H^O  and  S  being  formed. 
As  soon  as  the  blood  has  been  freed  from  oxygen,  its  hremoglobm  is 
decomposed,  with  the  formation  at  first  of  a  body  like  hffimatm, 
then  of  a  green  substance :  these  actions  do  not  really  go  on  m 
warm-  blooded  animals  ;  for  before  time  for  their  production  has 
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elapsed,  death  results  in  consequence  of  the  removal  of  oxygen 
(Hoppe-Seyler,  Kaufmann  and  Eosenthal).  2.  Phosphuretted 
hydrogen  (PH3)  is  oxidized  in  the  blood,  phosphoric  acid  and  water 
being  formed  (Dybkowski).  3.  Arseniiiretted  hydrogen,  AsHg, 
and,  4.  Antimoniuretted  hydrogen,  SbHg,  appear  to  exert  a 
similar  action  to  the  preceding.  5.  Nitric  oxide  gas,  NO,  appears 
at  first  to  act  as  a  reducing  agent  (Hermann ')  :  it  is,  however, 
irrespirable.  6.  Cyanogen,  C2N2,  also  exerts  a  reducing  action  on 
blood,  soon,  however,  leading  to  further  changes  (Rosenthal  and 
Laschkewitsch). 

b.  Gases  which  expel  Oxygen. — These  expel  the  oxygen  from 
its  combination  with  haemoglobin,  and  then  form  a  more  stable  and 
a  brighter  coloured  red  compound  ;  they  also  occasion  the  pheno- 
mena which  are  characteristic  of  a  deficiency  of  oxygen. 

1.  Carbonic  oxide  gas,  CO.  If  the  blood  be  not  completely 
saturated  with  CO,  recovery  is  possible,  for  the  oxygen  yet  present 
in  blood  can  oxidize  the  CO  and  produce  CO2  (Pokrowsky  ^). 

2.  Nitric  oxide  likewise  forms  a  stable  compound  with  hgemo- 
globin  (Hermann  :  in  consequence  of  its  irrespirable  nature,  it 
cannot  in  reality  exert  this  action. 

c.  Intoxicating  gases.,  which,  when  inhaled  rvith  oxygen, 
occasion  loss  of  consciousness  and  anaesthesia: — 

1.  Nitrous  oxide  gas,  NjO  (H.  Davy)  ; 

2.  Chloride  of  Methyl,  CH3CI  (Hermann)  ; 

3.  Carbonic  acid,  COg,  leads  to  a  series  of  complicated  pheno- 
mena, of  which  some  have  already  been  referred  to  ;  it  further 
induces  a  kind  of  stupor  (Narcosis);  the  cause  of  these  phenomena 
is  not  yet  fully  understood. 

d.  Poisonous  Gases,  the  mode  of  action  of  which  is  not  known. 
— To  this  class  belong  the  majority  of  the  remaining  gases,  which 
have  as  yet  been  very  slightly  investigated. 

1  Hermann,  'Ueber  die  Wirkungen  des  Stickstoffoxydffcas  auf  das  Blut.'  Archiv  f. 
Anat.  It.  Phys.    1865,  p.  4F9. 

2  Pokrowsky,  Virchow's  Archiv.    1864,  p.  625. 
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CHAPTER  V. 

THE  EXCHANGES  OF  THE  MATTER  OF  THE  BLOOD. 

The  causes  of  loss  and  of  gain  to  the  blood  (expenditure  and  in- 
come) having  been  considered  in  the  three  preceding  chapters,  the 
means  by  which  the  blood  and  its  constituents  remain  absolutely 
and  relatively  constant  must  now  be  discussed. 

That  under  normal  conditions  of  life  the  income  and  expendi- 
ture of  the  blood  almost  exactly  balance  is  proved  by  the  very 
constant  amount  (tension)  and  composition  of  the  blood.  Slight 
fluctuations  occur,  it  is  true,  even  in  the  normal  state,  but  these 
are  only  temporary ;  an  example  of  such  occurs  during  the  time  of 
digestion,  when  the  income  decidedly  preponderates  in  amount 
over  the  expenditure.  It  is  not  yet  possible  to  strike  a  balance 
between  the  income  and  expenditure  of  the  blood,  seeing  that  as 
yet  it  is  impossible,  even  approximately,  to  ascertain  the  exact 
amount  of  either. 

Changes  having  their  seat  in  the  Blood  Corpuscles. 

It  is  possible  to  conceive  of  changes  in  the  chemical  consti- 
tuents of  the  blood  corpuscles  occurring  without  any  simultaneous 
morphological  change.  Many  facts,  however,  which  will  be  sub- 
sequently referred  to,  indicate  that  continually  red  blood  corpuscles 
are  being  destroyed,  whilst  new  ones  originate.  Other  facts  in- 
dicate that  the  new  red  corpuscles  take  their  origin  in  colourless 
ones. 

Tolerably  accurate  facts  are  forthcoming  in  reference  to  the 
origin  of  the  latter  (the  colourless) ;  but  far  less  is  known  of  the 
place  and  nature  of  the  transition  of  colourless  into  red  corpuscles, 
or  at  least  as  to  the  exact  mode  of  transition. 

1.  The  colourless  blood  corpuscles  are  identical  with  the  lymph 
cells,  but  probably  originate  in  new-born  animals  almost  entirely 
in  the  lymphatic  glands  and  follicles  (as  well  as  in  some  appa- 
rently similarly  constructed  organs,  as  the  thymus  and  thyroid 
glands),  in  the  spleen  and  the  marrotv  of  hones  (Neumann '). 
The  cells  which  are  formed  in  the  first- named  organs  are  poured 
into  the  blood  with  the  lymph  ;  those  which  originate  in  the  spleen 

1  Neumann,  Centralblatt  f.  d.  med.  Wissenschaft.    1868,  p.  689. 


THYMUS.    THYROID.    SPLEEN,  ETC. 


211 


and  the  marrow  of  bones,  on  the  other  hand  (with  the  exception 
of  those  from  the  splenic  follicles,  which  appear  to  belong  to  the 
lymphatic  system),  are  directly  mixed  with  the  blood,  in  part  after 
being  already  converted  into  red  corpuscles. 

The  lymphatic  glands  and  follicles  have  already  been  alluded  to. 

The  thymus  gland,  an  embryonic  thoracic  organ  which  grows  very  slowly 
after  birth,  and  which  later  in  Ufe  completely  disappears,  consists,  according  to 
the  most  recent  researches,  of  alveoli,  which  correspond  completely  to  the  lym- 
phatic alveoli  and  folhcles ;  it  also  contains  products  of  degeneration  (fat  cells, 
amyloid  bodies,  &c.)  Its  structure,  and  the  abundant  lymphatic  vessels  sup- 
plied to  it,  lead  one  to  look  upon  the  thymus  as  an  organ  similar  to  the  lymph- 
atic glands.  In  the  thyroid  body  also,  according  to  some  (Jendrassik  and,  in 
the  case  of  the  frog,  Toldt),  lymphatic  alveoli  occur  as  normal  constituents. 
The  cysts  which  are  found  in  the  thyroid  filled  with  colloid  masses  and  crystals 
of  unknown  nature,  are  looked  upon  as  due  to  a  degeneration,  whilst  other 
vesicles,  filled  with  fluid  and  lined  with  epithelium,  are  looked  upon  as  the 
normal  constituents. 

The  supra  renal  capsides  belong  to  a  class  of  organs  of  like  structure ;  tlie 
areolar  tissue  of  these  organs  is  filled  with  cells  which,  by  some,  are  considered 
identical,  or  almost  identical,  with  nerve-cells.  Concerning  their  fimction  nothing 
is  known.  In  consequence  of  their  richness  in  nerve-fibres  and  in  the  above- 
mentioned  cells,  some  look  upon  them  as  a  variety  of  sympathetic  ganglia. 
Others  consider  them  to  be  connected  with  the  formation  of  pigmentary  matters. 
In  a  certain  anomalous  pigmented  condition  of  the  skin  (bronzed  skin)  the 
supra-renal  capsules  are  diseased  (Addison  and  a  violet  substance  can  be  ex- 
tracted from  them  (Holme). 

The  structure  of  the  spleen  is  similarly  involved  in  obscurity  (on  this  subject 
consult  histological  text-books).  According  to  the  now  most  generally  received 
conception,  the  following  propositions  may  be  stated  : — 

1 .  The  Mcdjyighian  vesicles,  which  are  situated  on  the  sides  of  the  finer  arte- 
rial twigs,  are  to  be  considered  as  lymph  follicles  (Qerlach)  ;  these  form  circum- 
scribed thickenings  of  the  arterial  wall,  and  may  be  considered  as  simple  deposits 
of  colomless  (lymph)  cells  between  the  separated  layers  of  the  adventitia ;  in 
many  animals  this  alveolar  thickening  is  not  circumscribed,  but  is  more  uni- 
formly distributed  over  the  arterial  wall  (W.  Miiller). 

2.  The  splenic  pulp  consists,  according  to  some  (W.  Miiller,*  Frey),  of  spaces 
which  are  quite  similar  to  the  alveoli  of  the  lymphatic  glands,  except  that  in 
the  splenic  pulp  the  blood  vessels  play  the  same  part  as  the  lymphatics  in  the 
glands,  i.e.  the  capillaries  open  into  the  alveoli,  which  are  filled  with  lymph 
cells,  and  from  the  alveoli  originate  the  veins.  The  constituents  of  the  blood 
thus  become  mixed  with  the  lymph  corpuscles  which  are  there.  Besides  the 
red  and  colourless  cells,  numerous  transition  forms  between  the  colourless  and 
coloured  blood  corpuscles  occur  in  these  spaces,  and  in  addition  coloured  cells 
and  nuclei,  which  are  held  to  be  red  blood  corpuscles  undergoing  retrograde 
changes;  these  nuclei  are  in  part  free,  in  part  enclosed  in  cell-like  masses. 
Others  (Biliroth,^  Kolliker,  Kyber,  Wedl)  look  upon  the  blood  vessels  as  form- 
ing a  system  of  perfectly  closed  paths,  and  explain  the  apparent  admixture  as 
artificial.    The  splenic  pulp  has  an  acid  reaction,  and,  in  addition  to  all  the 


'  Addison,  On  the  Constitutional  arid  Local  Effects  of  Disease  of  the  Supra-Renal 
Capsules.    London,  1855. 

2  VV.  Miiller,  Ueber  den  feineren  Ban  der  MHz.  Leipzig  und  Heidelberg,  18G5.  Article 
'Spleen,'  in  Strieker's  Manual  of  Histology.    Vol.  i.  pp.  348-864. 

5  Theodor  Billroth.  '  Beitrttge  zur  vcrgleichenden  Histologie  der  Milz.'  Archiv  fur 
Anat.  und  Physiol.  1857.  '  Zur  normalen  und  pathol.  Annt.  der  Milz.'  Archio  filr  pathol 
Anat.  Bd.  XX.  &  xxiii.  '  Neue  lieitrUge  zur  verglcichenden  Anatomie  der  Milz.'  Zeit- 
schrift  fur  wiisenschaftl.  Zoologie.    lid.  xi. 
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blood  constituents,  it  contains  numerous  products  of  oxidation :  uric  acid,  hypo- 
xautliine,  xanthine,  leucine,  tyrosine,  inosite,  volatile  fatty  acids  ('orraic,  acetic, 
butyric  acids),  and  lactic  acid.  It  contains,  in  addition,  numerous  pig'ments,  an 
albuminous  substance  containing  iron,  and  (a  fact  most  worthy  of  notice)  many 
compounds  of  iron.  The  venous  blood  of  the  spleen  contains  an  extraordinary 
number  of  colourless  cells  (1  to  70  red,  Ilirt '),  and  the  coloured  cells  found  in 
it  are  distinguished  from  others  by  their  smallness,  by  their  beinpj  only  slightly 
flat,  by  their  great  resistance  to  the  action  of  water,  and  by  their  not  having  a 
tendency  to  arrange  themselves  into  rouleaux  ;  these  characters  are  considered 
to  be  evidences  of  their  recent  formation.  In  addition,  the  venous  blood  of  the 
spleen,  like  the  splenic  pulp,  contains  many  transitional  forms. 

The  contractalitj'  of  the  spleen  exactly  resembles  that  of  arteries ;  the 
vaso-constricting  nerves  of  the  organ,  which  correspond  to  the  same  class  of 
vaso-motor  nerves,  run  in  the  left  splanchnics  and  in  the  splenic  plexus  ( Jasch- 
kowitz) ;  they  possess  a  tone  which  is  dependent  upon  the  vaso-motor  centre. 
Asphyxia  leads  to  splenic  spasm ;  direct  cold  applications  also  cause  the  spleen 
to  shrink  (Bulgak,  Botkin,  Mosler,  &c.)  The  influence  of  the  dilatation  and 
contraction  of  the  spleen  upon  the  number  of  the  blood  corpuscles  in  venous 
blood,  and  especially  upon  the  number  of  the  coloiu'less  corpuscles,  has  lately 
been  the  subject  of  debate. 

Extirpation  of  the  spleen  does  not  necessarily  cause  death.  The  function  of 
this  organ  appears  to  be  capable  of  being  replaced  by  other  lymphatic  organs 
(lymphatic  glands,  marrow  of  bones),  which  enlarge  under  the  circumstances. 

Tbe  marrow  of  bcries  contains,  in  an  areolar  network,  which  is  quite  similar 
to  that  of  the  lympl  atic  glands,  numerous  colourless  contractile  cells,  which 
entirely  agree  in  characters  with  lymph  cells,  and,  in  addition,  also  transitional 
forms  between  these  and  red  blood  corpuscles  (Neumann,"  Bizzozero  ^).  The 
way  in  which  these  cells  pass  into  the  blood  vessels  is  not  yet  ascertained. 

The  formation  of  lymph  cells  in  all  these  organs  is,  according 
to  the  more  recent  investigations,  a  process  which  in  its  nature 
agrees  with  the  ot  igin  of  connective  tissue  corpuscles.  The  analo- 
gous colovu-less  contractile  corpuscles,  which  are  able  to  wander 
actively  from  place  to  place,  and  are  found  in  the  canal-system  of 
the  connective  tissue,  in  the  lumen  of  the  lymphatic  vessels  which 
originate  from  tliis  tissue,  in  the  expanded  canalicular .  system  of 
the  lymphatic  glands  and  follicles,  and,  lastly,  in  the  analogous 
spaces  in  the  spleen,  are,  we  must  surmise,  constantly  being  pro- 
pagated (by  a  process  of  fission),  so  as  continually  to  replace  those 
which  pass  into  tbe  blood  (Virchow,  v.  Recklinghausen). 

Tlicse  views  are  supported  by  numerous  facts,  and,  amongst  others,  by  the 
following : — the  presence  of  lymph  cells  in  lymph  which  has  not  yet  passed 
through  any  lymphatic  gland  or  folhcle;  further,  the  pathological  formation  of 
lymph  cells  from  undoubted  connective  tissue  cells  in  leukaemia,  a  disease  in 
which  also  the  formation  of  lymph  cells  in  the  lymphatic  glands  or  in  the  spleen 
(sometimes  also  in  the  medulla  ossiam),  is  morbidly  increased^;  lastly,  according 
to  some  writers,  the  "ormation  of  pus  cells  exactly  similar  to  lymph  cells  by  a 
multiplication  of  conrective  tissue  cells  (Virchow,"*  C.  0.  Weber,  Rindfleisch, 
Strieker)  ;  this  is,  however,  denied  by  others  (Cohnheim^). 


1  Hirt,  De  cnpia  relaliva  cnrpuscvlorum  sanguinis  dhoiiitn.    Diss.  Inaug.  Lips.  l%h^. 

2  Neumann,  Centralhatt.  f.  d.  med.  Wissmschaft.  1868,  p.  689.  And  Archiv  fUr  Heil- 
jde,  1809,  p.  640 

3  Bizzozero,  Centralb'atf.  f.  d.  med.  Wissenschaft.    1868.  p.  881  ;  and  1869,  p.  149. 
Virchow,  Cellular  I'athology.    Translated  by  Dr.  Chance. 

5  Cohnheim,  Virchon's  Archiv.    Vol.  xl.  (1867). 
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The  new  formation  of  colourless  blood  cells  appears  to  be  thus 
shared  by  several  formative  organs,  so  that  one  can  replace  or 
supplement  the  other.  This  conclusion  is  drawn  fro^m  the  fact 
that  extirpation  of  any  of  these  organs  (spleen,  thymus,  lymphatic 
glands,  &c.)  is  followed  by  no  bad  consequences  to  the  body,  but 
is  compensated  for  by  a  vicarious  enlargement  of  the  remainder. 
When,  however,  several  of  these  organs  are  extirpated  at  the  same 
,time,  life  is  endangered. 

The  formation  of  hlood  corpuscles  in  the  embryo  is  quite  different  from  the 
process  which  goes  on  during  extra-uterine  life.  The  first  blood  cells  originate 
with  the  blood  vessels,  inasmuch  as  the  innermost  layers  of  the  rows  of  cells 
which  form  the  latter  are  directly  converted  into  blood  cells  and  by  fission  give 
rise  to  new  ones  (Remak,  Kolliker).  Later  on,  as  soon  as  the  liver  is  formed, 
the  formation  of  blood  corpuscles  is  transferred  to  this  organ  (E.  H.  Weber, 
Kolliker)  ;  nevertheless,  the  process  is  not  clear,  nor  is  the  fact  itself  altogether 
certain. 

Some  (Lehmann,  Funke)  attribute  to  the  liver,  during  the  whole  course  of 
life,  the  function  of  forming  new  blood  cells,  relying  chiefly  on  the  richness  of 
the  blood  of  the  hepatic  veins  in  colourless  cells  and  in  newly  formed  red  cor- 
puscles (similar  to  those  of  the  splenic  blood)  ;  nevertheless  these  observations 
permit  of  beinur  otherwise  interpreted  (see  below),  and  hitherto  no  follicle-like 
organs  have  been  detected  in  the  liver. 

2.  The  conversion  of  colourless  into  red  ll'ood  corpuscles  ap- 
pears to  occur  generally  throughout  the  blood,  although  ft  has  only 
been  directly  demonstrated  to  occur  in  the  spleen,  the  venous  blood 
of  which  contains  numerous  transitional  forms,  and  in  the  marrow 
of  bones.  The  chemical  ti  ansformation  upon  which  it  depends, 
viz.  the  origin  of  haemoglobin,  is  unknown ;  it  is  affirmed  that 
this  substance  crystallizes  with  peculiar  readiness  in  the  newly 
formed  red  corpuscles  (Fimke).  Hsemoglobin  appears  to  originate 
under  the  influence  of  oxygen,  inasmuch  as  lymph  and  organs  con- 
taining lymph  are  seen  to  assume  a  red  tint  on  exposure  to  air 
(Vii'chow,  Friedreich).  The  morphological  change  consists,  ac- 
cording to  the  received  view,  in  a  disappearance  of  the  nucleus, 
which  is  followed  by  a  general  flattening  of  the  cell,  which  becomes 
red  ;  at  the  same  time  the  corpuscle  appears  to  permit  of  diffusion 
taking  place  into  it  more  and  more  readily.  The  young  cells, 
which  have  just  become  red,  as  they  are  found  in  splenic  and 
hepatic  venous  blood,  swell  but  slightly  in  water,  and  are  no4  as 
decidedly  flattened  as  the  ordinary,  older  blood  corpuscles,  which 
are  easily  destroyed  by  water,  are  disk-shaped,  and  are  also  larger. 

In  the  frog  the  passage  of  colourless  into  red  blood  corpuscles  can  be  directly 
observed  to  occur  in  blood  which  has  been  drawn  from  the  body  (v.  Reckling- 
hausen'). The  transitional  forms  which  originate  in  this  process  are  also 
observed  in  the  circulating  blood. 

A  portion  of  the  colourless  cells  may  possibly  not  be  converted  into  red,  but 
be  destroyed  by  a  process  of  fatty  degeneration  (Virchow). 


Max  Schultze's  Archiv.   Vol.  ii.  p.  157. 
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3.  Little  is  yet  known  in  reference  to  the  destruction  of  the 
red  corpuscles.  It  may  be  suspected  to  occur  wherever  colouring 
matters  originate,  as  it  is  probable  that  these  all  are  derived  from 
blood-colouring  matter  which  has  been  liberated,  therefore  espe- 
cially in  the  spleen,  the  liver,  the  kidney,  &c. 

Most  probaMy  a  considerable  destruction  of  red  blood  corpuscles  takes  place 
in  the  spleen  and  liver. 

In  the  spleen,  if  actually  the  blood  is  (according  to  the  previously  enunciated, 
views)  obliged  to  filter  between  the  colourless  cells  of  the  alveoli,  many  of  the 
cells  -which  penetrate  therein  with  the  arterial  blood  are  probably  retained. 
The  actual  recurrence  of  such  a  retention  is  rendered  probable  by  the  following 
facts : — the  traces  of  substances  which  are  due  to  the  destruction  of  coloured 
cells  ;  the  shrivelled  cells  caught  in  the  act  of  Retrograde  metamorphosis ;  the 
pigmentary  matters  and  ferruginous  compounds,  and  perhaps  also  the  oxidation 
products ;  further,  the  circumstance  that  the  venous  blood  of  the  spleen  con- 
tains only  colourless  and  young  red  blood  corpuscles.  The  cells  which  appear 
to  contain  blood  corpuscles  seem  to  originate  by  colourless  contractile  cells  taking 
into  themselves  red  blood  corpuscles. 

A  destruction  of  red  blood  corpuscles  in  the  liver  appears  probable  from  the 
fact  that  the  salts  of  the  bile  acids  possess  the  power  of  dissolving  the  red  cor- 
puscles, as  well  as  from  the  fact  that  bile  pigment  is  formed ;  further,  from  the 
extremely  slow  flow  of  blood  through  the  liver ;  and  lastly,  from  the  poverty 
of  the  blood  of  the  hepatic  veins  in  the  older  red  corpuscles.  The  latter,  like 
the  splenic  venous  blood,  contains,  as  has  been  already  mentioned,  only  young 
coloured,  and  many  colourless,  cells  (Lehmann)  ;  from  this  we  may  in  nowise 
conclude  that  a  new  iormation  of  blood  corpuscles  takes  place  in  the  liver,  for 
the  new  cells  of  the  splenic  vein  are  conducted  to  the  liver  by  the  portal  vein. 
If  we  suppose  that  the  '  old  '  red  cells  carried  by  the  other  radicles  of  the  portal 
vein  are  in  part  or  wholly  destroyed  in  the  liver,  the  blood  of  the  hepatic  veins 
must  naturally  contain  a  greater  number  of  new  elements  than  the  portal  blood. 

Consequently  it  appears  that  a  fractional  portion  of  the  blood  contained  in 
the  ccBliac  and  mesenteric  a.rteries  loses  its  red  corpuscles,  in  part  directly  in  the 
spleen  and  liver  (hepatic  artery),  in  part  in  the  liver  (portal  vein)  only  after  the 
stomach  and  intestines  have  been  supplied.  Even  in  the  marrow  of  bones  where 
pigment  and  cells  containing  blood  corpuscles  are  found  (Bizzozero  ;  according 
to  Neumann  only  in  pathological  conditions)  a  destruction  of  red  blood  cor- 
puscles must  occur  (Bizzozero). 


Exchanges  of  the  Chemical  Constituents. 

Even  less  is  certainly  known  in  reference  to  the  exchanges  of 
the  chemical  than  of  the  morphological  constituents  of  the  blood. 
We  are  acquainted,  it  is  true,  in  a  general  manner,  as  has  been 
explained  in  tte  last  three  chapters,  with  the  constituents  which 
the  blood  receives  and  excretes,  but  we  only  know  approximately 
the  magnitude  of  this  exchange,  nor  do  we  know  in  what  manner 
it  is  distributed  over  the  various  seats  of  exchange.  Further,  we 
know  almost  nothing  on  the  question  as  to  whether  chemical 
changes  of  its  constituents  go  on  within  the  blood  itself. 

The  fact  that  in  fresh  blnod,  wliich  contains  oxygen,  but  which 
is  free  from  carbonic  acid,  either  no  carbonic  acid  or  only  a  mere 
trace  of  it  is  formed,  is  opposed  to  the  view  that  oxidation  takes 
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place  within  the  blood.  On  the  other  hand,  it  is  usually  assumed 
that  the  fibrinogenous  substance  originates  either  within  the  blood 
or  in  the  lymph,  from  other  albuminous  substances  ;  but  even  this 
is  no  certain  fact,  for  it  is  possible  that  it  may  be  taken  up,  already 
formed,  from  some  organ.  It  is  further  ascertained  that  certain 
easily  oxidizable  substances,  as  lactate  or  caprate  of  sodium,  and 
glycerin  (on  the  contrary  not  sugar,  or  formiate,  acetate  or  ben- 
zoate  of  sodium),  when  injected  into  the  blood  are  readily  burned, 
and  also  when  they  are  made  to  pass,  mixed  with  blood  alone, 
through  any  organ;  it  is,  nevertheless,  not  known  whether  this 
process  of  combustion  occurs  in  the  blood  itself  (Ludwig  and 
Scheremetjewsky 

The  exchanges  amongst  the  chemical  constituents  of  the  blood 
which  take  place  during  secretion  and  absorption  may  shortly  be 
summed  up  as  follows. 

1.  The  gaseous  exchanges  of  the  blood  have  already  been 
systematically  discussed  in  Chap.  IV. 

2.  The  inorganic  constituents  are  continually  being  absorbed 
in  large  quantities  from  the  digestive  apparatus  and  from  paren- 
chymatous juices,  and  similarly  are  being  given  out  to  paren- 
chymatous juices  and  secretions,  water  besides  passing  in  the 
process  of  cutaneous  or  pulmonary  respiration,  directly  into  the 
atmosphere. 

The  constancy  in  the  proportion  of  the  inorganic  constituents 
of  the  blood  is  maintained  by  the  following  arrangements. 

A.  Water.  A  diminution  of  the  water  of  the  blood  must  so 
influence  the  exchanges  due  to  diffusion,  that,  on  the  one  hand, 
less  water  is  given  up  by  the  concentrated  plasma  to  the  paren- 
chymatous juices  and  secretions,  whilst  on  the  other  hand  more 
water  is  absorbed.  Further,  every  diminution  in  the  amount  of 
water  of  the  blood  is  accompanied  by  a  diminution  of  the  volume 
of  that  fluid,  and  therefore  by  a  diminution  in  the  pressm-e  of 
blood  in  the  vessels,  so  that  less  water  is  given  up  even  in  pro- 
cesses of  filtration.  This  effect  is  most  marked  in  the  diminu- 
tion of  the  water  contained  in  (and  therefore  in  the  amount  of) 
those  secretions  which  are  poured  outside  the  body,  such  as  the 
urine  and  sweat.  In  the  tissues  themselves  this  effect  of  a 
diminished  blood  pressure  is  noticeable  only  in  their  diminished 
turgescence. 

Penally.  Local  deficiencies  in  the  amount  of  water  in  certain 
tissues  give  rise  to  specific  sensations,  ivhich  lead  to  an  increased 
quantity  of  water  being  taken  with  the  food  ('  Thirst,'  Chap.  VI.) 
Conversely,  an  excess  of  water  in  tlie  blood  naturally  leads  to 
increased  excretion  by  filtration  and  diffusion,  which  again  is 

'  Scheremetjewsky,  '  Ueber  die  Aenderung  des  respiratorischen  Gas.  ustausches  durch 
die  Zufugung  verl)rennliclier  Moleciil  zum  kreisenden  Blute,'  Ber.  d.  h.  sac/is.  Gesellsch. 
d.  Wiaseiischaft  zu  Leipzig.    Vol.  xx.  (18G8)  pp.  154-194. 
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manifested  by  an  increase  in  the  quantity  of  urine  and  sweat,  and 
by  a  cessation  of  thirst. 

Concerning  the  distribution  of  water  in  the  body,  see  Chap.  VI. 

B.  Salts.  Even  changes  in  the  saline  constituents  of  the 
blood  naust  modify,  as  is  easily  intelligible,  the  diffusion- ex- 
changes of  the  blood  in  such  a  manner  as  to  lead  to  an  approxi- 
mate constancy  in  its  saline  composition  as  a  whole.  We  do  not, 
however,  know  by  what  means  the  amounts  of  the  individual  salts 
are  maintained  constant,  or  whether  a  mutual  replacement  occurs. 

3.  Organic  constituents.  As  the  forces  in  virtue  of  which 
organic  substances  pass  into  and  out  of  the  blood  are  as  yet  quite 
unknown  to  us,  we  cannot  surmise  the  nature  of  the  mechanism, 
analogous  to  that  alluded  to  in  discussing  the  inorganic  consti- 
tuents, which  maintains  them  in  an  approximately  constant  quan- 
tity. We  merely  know  that  a  continual  introduction  of  organic 
alimentary  substances  takes  place  in  consequence  of  certain 
mysterious  sensations  (hunger  and  thirst),  the  intensity  of  which 
varies  with  the  wants  of  the  system. 

The  receipt  of  organic  substances  into  the  blood  occurs  in 
part  without  any  further  change,  when  they  are  absorbed  from 
the  food  without  having  undergone  chemical  changes  ;  this  is  the 
case  with  many  of  the  soluble  organic  constituents  of  food,  with 
a  portion  of  the  soluble  albumin  (Briicke),  and,  lastly,  with  a 
portion  of  the  fat,  which  is  absorbed  into  the  blood  in  a  state  of 
simple  emulsion  (F.  Hofmann,  Eohrig). 

The  greater  number  of  the  alimentary  constituents  undergo, 
however,  chemical  changes  in  the  process  of  digestion  (Chap. 
III.),  and  the  products  of  these  which  are  absorbed,  appear  (after 
absorption)  to  undergo  further  changes  before  they  are  converted 
into  constituents  of  the  blood.  These  changes,  which  are  in 
great  part  imknown,  are  expressed  by  the  term  '  assimilation.' 
The  following  processes  of  assimilation  have  been  as  yet  approxi- 
mately discovered  : 

1.  Proteids.  Gelatin  and  allied  substances  are  in  part  con- 
verted into  peptones  before  absorption,  and  in  part  they  are  still 
further  decomposed.  Inasmuch  as  peptones  cannot  be  detected 
in  the  juices  or  tissues  (Lehmann,  Hoppe-Seyler  and  De  Bary) 
and  do  not  pass  into  the  urine  (Fede),  they  must  rapidly  be  con- 
verted into  other  bodies,  presumably  into  albuminous  bodies. 
Animals  can  actually  be  fed  with  peptones  instead  of  albumin 
(see  p  ige  50). 

2.  A  portion  of  the  fatty  matters  undergoes  decomposition  in 
the  intestine,  and  being  saponified,  absorption  of  soaps  occurs. 
Seeing  that  from  soaps  taken  as  food  the  corresponding  fats  are 
formed  in  the  animal  body,  it  is  probable  that  the  soaps  which  are 
formed  in  the  intestine  can,  after  absorption,  be  reconverted  into 
fats  (Kadziejewsky). 
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3.  Sugar,  ingested  as  such  or  formed  in  the  process  of  diges- 
tion out  of  starchy  constituents  of  food,  is,  after  absorption, 
converted  into  a  starch-like  substance  (glycogen)  in  the  liver 
(see  the  Appendix  to  this  chapter). 

Seeing  that  a  portion  of  the  albutniaus  bodies  undergoes  absorption  with- 
out a  previous  conversion  into  peptones,  some  suppose  that  peptones  are  not 
reconverted  into  albumin,  but,  being  burned  up  so  as  to  lurnish  ui-ea,  are 
excreted. 

The  seat  of  these  processes  of  assimilation  is  as  yet  unknown. 
Many  suppose  them  to  occur  in  the  liver,  in  which  organ  especially 
the  processes  referred  to  under  (3)  are  to  be  localised.  These 
processes  are,  as  a  whole,  synthetic,  in  opposition  to  the  hydrolytic 
processes  of  decomposition  which  occur  during  digestion,  and  of 
which  they  are  the  exact  reversals  (another  synthesis  which  goes 
on  in  the  body,  that  of  hippuric  acid  from  glycosine  and  ingested 
benzoic  acid,  apparently  occurs  in  the  liver  (Kiihne  and  Hallwachs). 
The  process  by  which  the  alimentary  principles  are  split  up  in 
the  intestine  (the  products  of  decomposition  being,  after  absorp- 
tion, employed  in  synthetic  processes,  partly  in  the  re-formation 
of  the  original  substances),  is  of  use  from  two  points  of  view 
(Hermann) ;  in  the  first  place,  the  products  of  decomposition  are 
in  general,  on  account  of  their  smaller  molecules,  more  easily 
absorbed  than  the  original  substances ;  in  the  second  place,  the 
products  of  decomposition  furnish  a  more  simple  formative  mate- 
rial, which  alone  renders  possible  the  synthesis  of  the  numerous 
substances  which  the  body  requires. 

The  majority  of  the  complex  substances  which  the  body  requires  must 
necessarily  first  arise  within  it  by  synthetic  processes.  As  the  introduction, 
with  the  food,  of  ready-made  haemoglobin,  of  undecomposed  muscular  sub- 
stance, &c.,  is  impossible,  because  these  bodies  are  partly  decomposed  spon- 
taneously, and  partly  in  the  alimentary  apparatus,  it  follows  that  assimilation 
must  require  the  occurrence  of  syntheses  (Hermann). 

In  reference  to  haemoglobin  it  has  been  ascertained  that  its  quantity  in  the 
blood  is  increased  by  an  albuminous  diet  (Subbotin). 

As  little  is  known  of  the  nature  of  the  processes  which  are 
concerned  in  the  supply  of  organic  constituents  from  the  blood  to 
the  tissues,  as  of  those  concerned  in  the  introduction  of  organic 
constituents  into  the  blood.  Further,  the  sources  are  unknown  of 
those  blood  constituents  which  are  excreted,  and  especially  of  those 
which  are  excreted  in  the  urine.  The  latter  are  by  some  supposed 
to  take  their  origin  in  the  liver,  because  that  organ  contains  more 
urea  than  all  others,  and  in  the  case  of  birds  more  uric  acid 
(Heynsius,  Stokvis,  Meissner) ;  and  also  because  the  separated 
liver  gives  up  urea  to  blood  which  is  made  to  circulate  through 
it  (Cyon,  Gscheidlen)  ;  still  Munk  asserts  that  the  liver  contains 
less  urea  than  the  blood. 
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Formation  of  Glycogen  and  Sugar  in  the  Tissues. 

In  many  of  the  animal  tissues  there  occurs  a  starch-like,  or,  more 
correctly,  a  dextrin-like  substance,  named  glycogen,  which  is  very 
easily  converted  into  sugar  by  the  same  means  as  effect  the  con- 
version of  starch.  This  substance  occurs  principally  in  the  liver 
(Bernard,^  Hensen^),  in  muscles  (Macdonell,  0.  Nasse),  in  nearly 
all  the  tissues  of  the  embryo  and  of  its  appendages  (Bernard  ^),  as 
well  as  in  the  tissues  of  young  animals,  and  in  newly-formed 
pathological  formations  (Kiihne).  Further,  the  blood  and  all  the 
tissues,  especially  embryonic  tissues.  Contain  sugar  (Bernard)- 
The  amount  of  sugar  contained  in  the  blood  amounts  to  from 
0*05  to  O'l  per  cent.  (Bock  and  Hofmann,  Abeles). 

Glycogen  appears  to  occur  frequently  in  small  organisms,  e.g.  it  is  found  in 
the  Ascaris  lumbricoides,  and  principally  in  its  muscles  (Foster*).  Sugar-form- 
ing (glycogenic)  substarces,  which  more  or  less  closely  resemble  tbe  glycogen 
of  the  liver,  occur  also  in  the  brain  (Jaffe),  in  the  muscles  (dextrin,  Limpricht^), 
in  many  glands  (Kiihne,  Brucke),  in  blood  (Briicke),  &c. 

Glycogen  is  obtained  from  liver  by  pounding  the  perfectly  fresh  organ  in 
sand  and  water  at  100°  0.,  acidulating  the  fluid  so  as  to  completely  decompose 
the  alkaline  albuminates,  filtering  and  boiling  the  residue  with  fresh  portions  of 
water  until  tlie  filtrate  is  no  longer  opalescent.  The  united  precipitates  are 
evaporated  to  half  their  bulk  and  precipitated  with  alcohol,  by  which  the 
glycogen,  mixed  with  some  glutin,  is  precipitated  in  white  flakes ;  from  the 
latter  it  is  purified  by  boiling  with  caustic  potash,  neutralising  and  precipitating 
with  alcohol. 

It  is  more  easily  obtained  free  from  nitrogenous  contaminations  by  pre- 
cipitating the  aqueous  extract  of  liver  by  means  of  a  solution  of  iodide  of 
mercmy  in  iodide  of  potassium  previous  to  throwing  down  the  glycogen  by 
means  of  alcohol  (Brucke). 

Ferments  which  are  capable  of  converting  glycogen  into  sugar, 
are  not  only  contained  in  the  sugar-forming  secretions  (saliva, 
pancreatic  juice)  but  also  in  the  liver  (Bernard  ^),  in  the  blood, 
and  in  almost  all  the  ti?sues  (v.  Wittich,^  Lepine  *).  The  liver 
when  removed  from  the  body  contains  large  quantities  of  sugar, 
which  increase  as  long  as  glycogen  is  present. 

A  question  which  has  not  yet  been  decided  is  whether  the 
liver  contains  sugar  during  life.  A  perfectly  fresh  liver  taken 
from  an  an.mal  immediately  after  it  has  been  killed  contains, 

1  Bernard,  '  Sur  le  Me'canisme  physiologique  de  la  formation  du  Sucre  dans  le  foi  e.' 
Comptes  Rendus,  1857,  vol.  xliv.  p.  578. 

2  Hensen,  Verhandlungen  der  phys.  med.  Gesell.  in  Wurtzburg,  vol.  vii.  (1856).  p.  219. 

3  Bernard, '  Sur  une  nouvelle  fonction  du  placenta.'  Journal  de  la  Physiologie,  1859, 
Vol.  ii.  p.  31. 

4  Foster,  Proceedings  of  the  Royal  Society,  1865.    No.  79. 

5  Limpricht,  Anna/,  d.  Chem.  u.  Phann.    Vol.  Ixii.  p.  675. 

*  Bernard,  Legotis  sur  les proprieies  physiologiques  et  des  liquides  de  VOrganisme.  1859, 
vol.  ii.  pp.  124  and  125. 

7  V.  Wittich,  Pf  iiger's  Archio.  1870. 

8  Lupine,  Ludwig's  Arbeiten.    1870,  p.  113. 
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according  to  some  (Bernard,  Kiihne),  small  but  yet  perceptible 
quantities  of  sugar,  according  to  others  (Pavy,'  Ritter,  Schiff,^ 
Eulenburg),  not  a  trace.  A  formation  of  sugar  in  the  liver  dm-ing 
life  is  further  rendered  probable  by  the  fact  that  the  hepatic 
venous  blood  of  animals,  fed  upon  a  diet  containing  neither  starches 
nor  sugars,  is  richer  in  sugar  than  the  blood  of  the  portal  vein 
(Bernard,^  Tieffenbach) ;  this  continuous  passage  of  sugar  has 
been  found  to  be  associated  with  the  presence  of  only  a  very  small 
quantity  of,  or  even  with  no  sugar  in  the  liver,  whilst  the  very 
presence  of  sugar  in  the  liver,  and  specially  its  presence  in  the 
blood  of  the  hepatic  veins,  has  been  denied  (Pavy,  Hitter,  Schiflf). 

Those  who  suppose  that  no  sugar  is  formed  in  the  liver  during 
life,  argue  either  for  the  presence  of  a  sugar-forming  ferment 
which  is  only  formed  after  death  or  in  pathological  conditions 
(Diabetes)  (Schiff),  or  suppose  that  the  ferment  being  present  is 
restrained  from  exerting  its  action  by  a  kind  of  inhibitory  influence 
of  the  nervous  system  (Pavy). 

The  pre-existence  of  such  a  ferment  in  the  blood  and  tissues  has  lately  been 
contradicted  (Lepine,  Plosz,*  TiegeP).  Blood  exerts  no  action  on  glycogen 
unless  its  corpuscles  have  been  destroyed  (by  the  action  of  water,  ether,  &c.), 
so  that  probably  the  blood  corpuscles  generate  the  ferment  at  the  very  moment 
of  their  destruction  (Plosz,  Tiegel).  It  is  worthy  of  observation  in  reference 
to  this  matter  that  probably  a  destruction  of  blood  corpuscles  is  continually 
taking  place  in  the  liver. 

The  presence  of  glycogen  in  the  liver  depends  very  much  upon 
the  food.  Its  amount  is  large  in  proportion  as  the  latter  is  rich 
in  carbo-hydrates  (Pavy,  Tscherinoff). 

'  Pav}',  '  Eesearches  on  Sugar  Formation  in  the  Liver.'  Philosophical  Transactions, 
1860,  p.  595.  '  Eesearches  on  the  Nature  and  Treatment  of  Diabetes.'  London,  18C2.  '  On 
the  Physiology  of  Sugar  in  relation  to  Blood,'  Medical  Examiner,  Julj-  1877. 

2  SchifF,  '  NouveUes  recherches  sur  la  Glycogenie  animale.'  Journal  de  I'Anatomie. 
Paris,  1866,  vol.  iii.  p.  354. 

3  As  this  is  the  general  result  of  Bernard's  investigations,  and  is  illustrated  by  facts 
narrated  in  nearly  all  his  papers  on  the  glycogenic  functions,  the  chief  and  most  systematic 
of  these  are  quoted  below  : — 

a.  Bernard,  'De  I'origine  du  sucre  dans  I'^conomie  animale.'  Archives  generates  de 
Medecine.    Paris,  1848,  4me  serie,  vol.  xviii.  p.  303. 

b.  Bernard,  Recherches  sur  une  nouvelle  fonction  du  foie,  considere  comme  organe  pro- 
ducteur  de  matiere  sucre  chez  I'homme  et  les  animaux.  These  presentee  a  la  Faculte  des 
Sciences  de  Paris  pour  obtenir  le  grade  de  Docteur  es  Sciences  Nuturelles.    Paris,  1863. 

c.  Beraard,  Legons  de  physiologic  experimentale.  Cows  du  semestre  cThiver  1854-1855. 
Paris,  1855. 

d.  Bernard,  Legons  sur  les  effets  des  substances  toxiques  et  medicamenteuses.  Paris,  1857, 
p.  438  et  seq. 

e.  Legons  sur  la  phi/siologie  et  la  pathologic  du  systeme  nerveux.  Paris,  1858,  vol.  i. 
p.  397  et  seq.  and  vol.  ii.  p.  544  et  seq.  (Both  these  papers  refer  to  the  production  of  arti- 
ficial diabetes.) 

/.  Bernard,  Legons  sur  les  proprietes  physiologlques  et  les  alterations  pathologiques  des 
liqnides  de  Corganisiite.    Paris,  1859,  vol.  ii.  p.  88  et  seq. 

g.  Bernard,  '  Sur  le  mc^canisme  de  la  formation  du  sucre  dans  le  foie.'  Comptes  Rendus. 
Paris,  1855,  vol.  xli.  p.  461. 

h.  Bernard,  Legons  sur  le  Diabete.    Paris,  1877. 

*  Pldsz  und  Tie;iel,  '  Ueber  dassaccharificirende  Ferment  desBlutes.'  Pfliiqer's  Archiv. 
Vol.  vii.  pp.  391-398. 

5  Tiegel, '  Ueber  die  Fermentwirkung  des  Blutes."    Pfliiger's  Archiv.    Vol.  vi.  p.  249. 


220 


FORMATION  OF  GLYCOGEN.  DIABETES. 


In  warm-blooded  aninaals  which  are  starved  glycogen  dis- 
appears in  the  course  of  a  few  days,  and  reappears  in  large  quan- 
tities after  the  injection  of  sugar  into  the  intestine  (Dock).  The 
same  result  is  induced  by  cane-sugar,  milk-sugar,  and  glucose  ' 
(Luchsinger),  whilst  raannite  (Luchsinger,  Salomon)  and  inosit 
(Kiilz)  are  without  effect.  Amongst  the  substances  which  lead  to 
an  accumulation  of  glycogen  are  further  to  be  mentioned,  glycerin 
(Weiss)  and  gelatin  (Woroschilofif) ;  with  regard  to  albumin  the 
statements  are  contradictory. 

The  easiest  way  of  explaining  the  formation  of  glycogen  by  the  administration 
of  sugars  is  to  suppose  that  the  former  is  an  anhydride  formed  from  the  latter. 
Another  supposition  considers  the  proteids  as  the  source  of  glycogen,  this  body 
easily  undergoing  oxidation  in  the  absence  of  other  bodies,  e.g.  sugar,  capable  of 
withdrawing  the  oxygen  from  it  (Weiss).  In  support  of  this  view  it  is  alleged 
that  even  when  glycerin  is  introduced  into  the  intestine,  tlie  liver  becomes  rich 
in  glycogen.  In  opposition,  however,  the  easy  oxidation  of  sugar  is  denied 
(Scheremetjewsky,*^  see  p.  215,  though  believed  in  by  Pettenkofer  and  Voit) ; 
further,  it  is  shown  that  other  easily  oxidized  substances,  as  sodium  lactate,  lead 
to  no  accumulation  of  glycogen,  and  that  glycerin  only  produces  that  effect 
when  it  is  introduced  into  the  intestine,  and  not  when  it  is  injected  subcuta- 
neously  (Luchsinger*).  The  different  kinds  of  sugar,  therefore,  and  glycerin — 
which  is  closely  allied  to  them — appear  to  be  converted  into  glycogen  when  they 
pass  through  the  portal  vein  into  the  liver.  In  support  of  this  conclusi.>n  we 
have  the  fact  that  when  sugar  is  injected  into  the  portal  vein  it  does  not  pass 
into  the  urine,  as  is  the  case  when  it  is  introduced  into  some  other  vein 
(Schopffer).  Even  in  artificial  circulation  of  saccharine  blood  through  the 
liver  removed  from  the  body,  glycogen  appears  to  be  formed  (Luchsinger). 

The  destination  of  the  glycogen  of  the  liver  is  not  accm-ately 
known.  Those  who  believe  tliat  a  formation  of  sugar  takes  place 
during  life  suppose  that  glycogen  is  converted  into  sugar,  which 
is  partly  excreted  and  partly  burned.  Other  possible  hypotheses 
as  to  its  destination  are  the  following :  that  it  is  carried  to  other 
organs  which  contain  glycogen  (the  muscles,  the  testicles),  and  is 
there  consumed;  further,  that  it  is  converted  into  other  substances, 
e.g.  into  fats,  &c. 

Under  certain  circumstances  an  abundant  excretion  of  sugar 
takes  place  through  the  urine — diabetes. 

These  circumstances  are :  1.  Pathological  alterations,  the  seat 
and  nature  of  which  are  unknown  to  us  (pathological  diabetes). 
2.  Injury  of  a  limited  space  in  the  medulla  oblongata,  in  the  floor 
of  the  fourth  ventricle  (traumatic  diabetes,  Bernard).  3.  The 
action  of  certain  poisons,  especially  of  cm-are.  4.  The  injection 
of  very  dilute  salt  solutions  into  the  blood  vessels  (Bock  and  Hof- 
mann).    The  cause  of  diabetes  may  be  sought  for :  a.  in  a  cou- 

1  Lfevo-rotatory  glucose  causes  tlie  same  dextro-rotatory  glycogen  to  appear  as  the 
dextro-rotatory  sugars  (Luchsinger).  ,  .    .      -,t  i  f^Q^•o\ 

2  Scheremetjewsky,  Ber.  d.  k.  sac/is.  Gesell.  d.  IFissennch.  zu  Leipzig.    Vol.  xx.  QISOS; 

pp.  154-194.  ^      ....      ,r  ,  ■•• 

3  Luchsinger,  'Zur  Glycogenbildung  in  der  Leber.'    FJlilger  s  Archiv.    Vol.  vui.  pp. 

289-304. 
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version  (or  increased  conversion)  of  the  glycogen  of  the  liver  or  of 
other  organs  into  sugar;  h.  in  a  diminished  conversion  of  ingested 
sugar  into  glycogen ;  c.  in  a  diminished  destruction  of  sugar  nor- 
mally originating  in  the  glycogen  of  the  liver. 

In  pathological  diabetes  tlie  sugar  disappears,  almost  if  not  entirely,  from 
the  urine,  -when  no  cai'bo-hydrates  are  taken  as  food.  Even  puncturing  the 
floor  of  the  fourth  ventricle  ('der  Zuckerstich ')  induces  no  diabetes  if  the  animals 
have,  in  consequence  of  starvation,  livers  free  from  glycogen  (Dock). 

Any  existing  store  of  glycogen  disappears  completely  after  the  diabetic  punc- 
ture (Luchsinger).  The  administration  of  sugar  does  not  cause  the  liver  of 
diabetic  animals  to  become  as  rich  in  glycogen  as  if  they  were  normal  (Dock), 
though  a  formation  of  glycogen  still  goes  on  in  them  ;  the  injected  sugar  passes, 
in  their  case,  directly  into  the  urine.  The  diabetes  induced  by  curare  is  simi- 
larly affected  by  sugar,  as  traumatic  diabetes  (Luchsinger). 

The  proximate  cause  of  traumatic  diabetes  has  lately  been  sought  for  in  a 
paralysis  of  the  blood  vessels  of  the  liver  (Schiff,  Oyon  and  Aladoff)  and  of  the 
intestine. 

The  spot  on  the  fourth  ventricle,  the  puncture  of  which  occasions  diabetes, 
is  possibly  a  portion  of  the  vasomotor  centre  (Chap.  XI.)  Even  other  injuries  . 
affecting  the  vasomotor  supply  of  the  liver,  e.g.  injury  of  the  inferior  cervical 
ganglion  or  of  the  nerves  which  proceed  from  it  to  the  ganglion  stellatum,  occa- 
sion diabetes.  On  the  contrary,  section  of  the  splanchnic  nerves,  which  probably 
lowers  the  blood  pressure  too  much,  does  not  induce  diabetes  (Oyon  and  Ala- 
doff). Even  diabetes  induced  by  curare  may  possibly  be  referred  to  a  vaso- 
motor paralysis.  From  what  has  been  previously  stated  vasomotor  paralysis 
should,  on  the  one  hand,  hinder  the  formation  of  glycogen  from  sugar,  or  should 
convert  the  glycogen  (whether  stored  up  in  the  tissues  or  newly  formed)  into 
sugar,  by  exer;ing  a  hitherto  unexplained  influence  upon  the  development  of 
the  amylolytic  ferment ;  or,  more  probably,  as  a  consequence  of  the  vasomotor 
paralysis  of  the  intestine  and  the  liver,  the  blood  circulates  so  rapidly  through 
the  liver  that  the  sugar  has  not  time  to  be  converted  into  glycogen  (Luchsinger). 
AVhen  diabetes  follows  the  injection  of  dilute  saline  solutions,  the  destruction 
of  blood  corpuscles  may  take  a  part  in  the  formation  of  the  ferment ;  in  these 
cases  the  ferment  passes  into  the  urine  (Plosz  and  Tiegel).  Certain  poisons,  as 
arsenic,  destroy  the  power  of  the  liver  cells  to  form  glycogen  (Faikowslcy)  ; 
consequently  injected  sugar  passes  into  the  urine  (W.  L.  Lehmann,  Luchsinger). 
The  same  result  follows  ligature  of  the  common  bile  duct  (Wickham  Legg, 
V.  Wittich). 

Constancy  of  the  Amount  of  Blood  in  the  Body. 

The  constaucy  in  the  amount  of  the  blood  in  the  body  naturally 
depends  upon  the  constancy  of  the  different  constituents  of  the 
blood.  As  water  is  by  far  the  principal  ingredient  of  the  blood 
(forming  about  80  per  cent,  of  its  weight),  and  as  the  volume  of 
blood  is  almost  equal  to  that  of  the  water  which  it  contains,  it 
follows  that  in  the  preservation  of  the  constancy  of  the  volume  of 
blood,  the  constancy  in  the  quantity  of  water  is  of  the  greatest 
importance  :  the  mechanism  concerned  in  the  preservation  of  the 
latter  has  been  already  discussed.  Actually,  after  great  losses  of 
blood,  its  volimie  is  very  soon  restored,  for,  under  the  diminished 
blood-pressure,  less  water  is  given  up  to  the  tissues  and  to  the 
secretions  and  more  is  absorbed,  whilst,  in  addition,  increased 
thirst  leads  to  increased  introduction  of  fluids. 
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CHAPTER  VI. 
EXCHANGES  OF  THE  MATTER  OF  THE  BODY,  AS  A  WHOLE. 

1.  INCOME.. 

As  has  already  repeatedly  been  said,  the  organism  receives  regu- 
larly from  without : 

1.  Food,  i.e.  material  for  the  repair  of  that  which  has  been 
excreted  either  after  xmdergoing  oxidation,  or  in  an  unoxidized, 
unaltered  condition. 

2.  Oxygen,  for  the  oxidation  of  those  constituents  of  the  body 
capable  of  it.  All  that  is  to  be  said  concerning  the  introduction 
of  oxygen  will  be  found  in  Chap.  IV.  Food,  on  the  other  hand, 
here  requires  a  closer  consideration. 

Food. 

The  elements  of  food  must  in  general  be  the  same  as  those  of 
the  body,  if  they  are  to  serve  for  the  repair  of  the  losses  of  the 
latter.  Their  introduction  into  the  body  in  an  isoLited  condition 
is,  however,  of  no  value  for  the  purposes  of  nutrition ;  because  in 
the  case  of  some  of  them  absorption  into  the  blood  is  impossible, 
and  in  the  case  of  others  which  are  capable  of  absorption,  their 
elaboration  into  the  chemical  compounds  which  they  are  to  repair 
is  not  practicable  within  the  body.  As  a  rule,  therefore,  chemical 
compounds  alone  are  capable  of  use  as  food,  and  only  in  so  far  as 
they  satisfy  the  following  conditions  : 

1.  The  compound  must  be  fit  for  absorption  into  the  blood  or 
chyle,  either  directly  or  after  preparation  by  the  processes  of 
digestion  {i.e.  it  must  be  '  digestible  '). 

2.  It  must  replace  directly  some  inorganic  or  organic  consti- 
tuent of  the  body ;  or  it  must  undergo  conversion  into  such  a  con- 
stituent while  in  the  body ;  or  it  must  serve  as  an  ingredient  in 
the  construction  of  such  a  constituent.  Neither  itself  nor  any  of 
the  possible  products  of  its  decomposition  must  be  detrimental  to 
the  structure  or  activities  of  any  of  the  organs  of  the  body  (such 
detrimental  bodies  are  called  'poisons'). 

Scarcely  a  single  nutritious  substance  is  taken  into  the  body 
by  itself,  almost  all  being  ingested,  when  mixed  together  in  cer- 
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tain  proportions  found  in  nature  and  called  '  Foods,'  which  are  for 
the  most  part  vegetable  or  animal  tissues,  or  portions  of  such 
tissues.  These  also  are  generally  further  mingled  together  by 
artificial  means  and  prepared  in  various  ways,  partly  to  facilitate 
digestion  and  partly  to  render  them  more  palatable. 

In  the  preparation  of  nutritious  material  as  foods,  the  most  essential  process 
is  the  addition  of  so-called  '  spices,'  that  is  to  say,  of  substances  possessed  of 
such  stimulating  qualities  as  render  them  peculiarly  fitted  for_ inducing  in  a  reflex 
manner  the  secretion  of  the  alimentary  juices  (saliva,  gastric  juice,_  &c.)  The 
commonest  seasoning  is  salt,  which,  however,  is,  in  addition,  a  nutritious  body 
(see  below).  The  preparation  of  food  by  boiling,  roasting,  baking,  &c.,  has  for 
its  special  object  to  assist  the  processes  of  digestion  by  anticipating  certain  of  its 
stages,  e.g.  by  dissolving  what  is  soluble,  by  rendering  capable  of  solution  what 
is  insoluble,  by  loosening  the  compacter  portions,  by  breaJring  indigestible  skins 
or  husks,  &c. 

In  consequence  of  what  has  been  said  above,  all  nutritious 
substances  fall  into  two  natural  classes,  both  of  which  ought  to  be 
represented  in  the  food.  The  first  class,  which  serves  for  the  re- 
pair of  the  unoxidizable  constituents  of  the  body,  consists  of  the 
inorganic  elements  of  food,  essentially  water  and  salts;  the  second, 
destined  to  replace  the  osidizable  portions  which  are  lost,  and  in- 
cluding therefore  bodies  which  are  themselves  oxidizable,  consists 
of  the  organic  elements  of  food.  The  latter,  in  common  with  all 
organic  substances,  are  derived  immediately  or  mediately  from 
plants  ;  for  even  the  organic  constituents  of  the  animal  body 
(forming  'animal  food')  can  be  traced  back  to  the  vegetable 
kingdom,  as  carnivorous  animals  feed  directly  or  at  least  in  the 
last  instance  upon  herbivorous  animals. 

Only  a  very  small  proportion  of  the  various  organic  compounds 
of  C,  H,  N,  0,  S,  &c.,  which  are  formed  in  plants,  really  rank  as 
nutritious  substances,  as  many  do  not  fulfil  the  previously  men- 
tioned conditions.  The  animal  substances  resulting  from  the 
assimilation  of  such  of  them  as  are  really  nutritious  must  plainly 
be  capable  for  the  most  part  of  again  serving  as  nutriment ;  they 
are  the  more  worthless  in  this  respect  the  higher  the  degree  of 
oxidation  to  which  they  have  attained.  That  is  to  say,  the  value 
of  a  nutritious  substance  is  chiefly  determinable  by  the  amount  of 
potential  energy  associated  with  it ;  i.e.  by  the  quantity  of  kinetic 
energy  or  work  which  may  result  from  its  combustion.  The  more 
highly  oxidized  the  nutritious  substances,  the  less  is  the  amount 
of  oxygen  which  they  are  in  a  condition  to  combine  with,  and  the 
more  incapable  are  they  of  furnishing  energy  to  the  body.  Thus 
urea  has  no  value  as  a  food,  creatine  very  little,  while,  on  the  con- 
trary, albumin  and  sugar  are  of  the  highest  importance. 

The  substances  which  form  the  essential  organic  food  of  the 
body  would  be  indicated  by  considering  all  the  regular  constituents 
of  the  body  as  indispensable  to  it,  and  inquiring  whether  they 
were  capable  of  formation  out  of  any  other  substance  contained  in 
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the  animal  body ;  those  which  were  not  would  of  necessity  have  to 
be  taken  into  the  organism  along  with  the  food. 

It  must,  however,  here  be  remembered  that  in  the  first  place 
all  tlie  substances  occurring  in  the  body  cannot  be  regarded  as  in- 
dispensable to  it.  There  is  a  danger  therefore  in  following  the 
method  just  given  of  considering  too  many  nutritious  substances 
as  necessary ;  and  a  reservation  would  have  to  be  made  on  this 
account.  Moreover,  it  must  not  be  forgotten  that  a  certain 
number  of  the  constituents  of  the  body  cannot  be  replaced  by  the 
introduction  of  a  fresh  supply  along  with  the  food,  either  because 
they  are  incapable  of  absorption  and  indigestible  {e.g.  mucin, 
keratin,  cholic  acid) ;  or  because  they  unavoidably  decomi^ose 
before  they  are  ingested  {e.g.  muscle-substance  in  the  act  of  rigor), 
or  are  decomposed  in  the  alimentary  canal  {e.g.  haemoglobin  by 
the  acid  of  the  gastric  juice);  or  because  they  would  become 
rapidly  changed — oxidized — after  absorption,  before  they  could 
reach  their  proper  situation.  Such  substances,  therefore,  are  only 
produced  within  the  organism. 

Our  efforts  to  discover,  by  the  above  method,  the  essential 
constituents  of  food  are  chiefly  frustrated  by  our  ignorance  of  the 
synthetic  powers  of  the  organism.  In  the  preceding  chapter  it 
was  said  that,  most  probably,  in  the  course  of  assimilation,  albu- 
minous bodies  were  formed  from  peptones,  fats  from  soaps  (and 
glycerin),  and  glycogen  from  sugar.  It  is,  however,  yet  unknown 
wliether,  for  example,  the  results  of  the  further  decomposition  of 
albuminous  bodies  (leucine,  tyrosine,  &c.),are  capable  of  synthetic 
regeneration  into  albumin.  If  the  organism  possessed  in  general 
the  power  of  uniting  substances  synthetically,  with  the  elimina- 
tion of  water,  we  might  briefly  indicate  the  following  as  necessary 
organic  nutritious  substances :  viz.,  the  products  of  the  hydrolytic 
decomposition  of  all  the  essential  constituents  of  the  body,  i.e.  of 
the  albuminous  bodies  and  their  compounds,  of  the  glucosides,  of 
the  lecithin-bodies,  of  fats,  &c.  These  decomposition-products 
might  be  contained  in  food  either  in  an  isolated  form  or  already 
combined  into  some  group,  which  would  in  that  case  be  again 
split  up  in  the  course  of  digestion.  The  above-mentioned  bodies, 
which  have  been  taken  as  examples,  might  therefore  be  repre- 
sented in  the  food  in  the  following  ways :  (a)  fatty  acids  (soaps), 
glycerin,  phosphoric  acid,  sugar  (starch),  peptones ;  {h)  fats,  phos- 
phoric acid,  sugar  (starch),  albumin ;  (c)  lecithin,  sugar  (starch), 
albumin  ;  or  {d)  protagon,  albumin,  &c. 

The  question  is  still  further  complicated  by  the  circumstance 
that  we  do  not  know  whether,  in  addition  to  hydrolytic  decompo- 
sitions, other  profounder  chemical  changes  (apart  from  oxidations) 
do  not  take  place  in  the  body.  Fats  especially  seem  to  be  capable 
of  originating  from  other  bodies  than  fats  and  soaps,  for  the  animal 
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body  may  accumulate  a  large  quantity  of  fat  even  when  the  food 
contains  none. 

We  are  guided  in  the  choice  of  alimentary  substances  solely 
by  experience,  which  teaches  us  that,  after  water  and  salts  (of 
which  chlorides  and  phosphates  are  the  chief),  albuminous  bodies 
are  most  indispensable.  To  what  extent  true  albuminous  bodies 
may  be  replaced  by  digestible  albuminoids — gelatin  and  gelati- 
genous  tissues  — we  shall  have  occasion  to  discuss  in  the  third  divi- 
sion of  the  present  chapter.  It  would  seem,  moreover,  that  fats 
(stearin,  palmitin,  olein,  &c.)  may  only  be  omitted  from  the  food 
when  the  albuminous  bodies  are  present  in  it  in  large  excess,  or 
when  the  fats  are  represented  by  carbo-hydrates.  It  is  probable, 
however,  that  we  are  not  at  present  acquainted  with  all  the  indis- 
pensable alimentary  substances. 

A^lbumin  can,  mider  certain  circvunstances,  be  replaced  by  gelatin  or  gela- 
tigenoud  tissues,  as  the  administration  of  gelatin  diminishes  the  consumption  of 
albumin,  so  that  the  body-weight  maintains  itself  on  a  smaller  supply  of  albu- 
min. As,  however,  when  gelatin  alone  is  administered,  in  addition  to  non- 
nitrogenous  food,  the  body- weight  rapidly  sinks,  we  must  surmise  that  the 
requirements  of  the  tissues  for  albumin  cannot  be  satisfied  by  gelatin  (Voit). 
The  mean  diet  for  twenty-four  hom-s  of  individuals  in  diiferent  ranks  of  society 
was  found  by  Forster  ^  to  have  the  following  composition  :  — 


Water 
Albumin  . 
Fat  . 

Carbo-hydrates 


2945-9  grams. 
131-2  „ 
88-4  „ 
392-3  „ 


containing  Carbon  312-2  grams 
I        „       Nitrogen  20-3  „ 


The  following  are  among  the  most  important  articles  of  food : 

1.  Flesh  (muscle)  contains,  besides  water  and  salts  (especially  of  potas- 
sium) amongst  the  more  essential  nutritious  elements  (Chap.  VIII.),  several 
albuminous  bodies  (myosin,  albumin),  gelatinous  tissues,  small  quantities  of 
lecithin  (possibly  derived  from  the  intra-muscular  nerves),  fats  and  certain 
*  extractive  matters,'  some  of  which  are  agreeable  to  the  taste  ('  osmazome '), 
while  others  seem  to  have  wealdy  stimulating  properties  (creatine,  &c.)  It  ia 
ingested  raw,  boiled  with  water,  or  roasted.  After  boiling,  the  extract — broth 
of  meat — contains  chiefly  the  gelatin,  the  extractive  matters,  the  salts  (which 
on  account  of  the  potassium  they  contain  cause  concentrated  broths  to  have  an 
important  effect  upon  the  heart  (Kemmerich),  and  some  of  the  fat  floating  on 
the  surface.  The  albuminous  bodies  are  insoluble  in  hot  water,  and  remain 
behind  in  meat  which  is  immersed  at  once  into  hot  water  ;  if  cold  water  be  used, 
the  albumin  passes  into  the  water,  coagulates  as  the  latter  becomes  heated,  and 
is  removed  with  the  '  scum.'  The  flesh  which  remains  behind  after  the  removal 
of  the  broth  still  retains  most  of  the  nutritious  constituents  (myosin  and  the 
gelatigenous  tissues,  and  albumin  if  the  water  used  were  hot  to  commence  with), 
but  has  lost  its  salts  and  those  bodies  which  gave  it  an  agreeable  flavour. 
Meat  which  has  been  roasted,  i.  e.  strongly  heated  with  the  addition  of  little  or 
no  fluid  substance  (water  or  fat),  retains  all  its  constituents ;  and  certain  brown, 
empyreumatic  bodies  possessed  of  an  agreeable  taste  and  smell  are  formed  in  it 
especially  at  the  surface. 

2.  Milk  contains  albuminous  bodies  (albumin,  casein),  fats  (butter),  and 
probably  lecithin,  besides  carbo-hydrates  (milk-sugar),  water,  and  a  considerable 


'  '  Beitriige  zur  Erntthrangsfrage.'  Zeiischr  f  Biologic.  Vol.  ix'  (1873)  pp  381-410. 
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quantity  of  salts.  It  may  be  inf^ested  fresh  or  sour ;  or  the  butter  alone  may 
be  taken  ;  or  the  cheese  alone.  Cheese,  however,  or  the  casein  precipitated  on 
the  acidification  of  milk,  whether  occun-ing  spontaneously  or  on  the  addition  of 
'rennet'  (the  mucous  membrane  of  the  calf  a  true  stomach),  includes  a  con- 
siderable amount  of  fat.  On  standing,  cheese  undergoes  a  change  similar  to 
that  of  digestion,  becoming  soft  and  translucent  owing  to  the  formation  of  pep- 
tones and  the  further  decomposition  of  casein.  This  is  called  '  ripening.'  in 
the  com-se  of  which  fat  is  said  to  be  formed  out  of  casein,  and  leucine  and  tyro- 
sine to  appear. 

3.  Eggs.  The  white  of  egg  contains  a  concentrated  solution  of  albumin, 
while  in  the  yolk  are  found  albuminous  bodies,  much  lecithin,  cholesterin  and 
fats,  and_  sugar.  _  On  heating,  the  white  coagulates  firmly,  the  yellow  into  a 
mass  which  readily  crumbles. 

4.  Cereals  (wheat,  rye,  maize,  barley,  rice,  oats,  &c.)  contain  an  albu- 
minous body  (gluten,  vegetable  fibrin,  insoluble  in  water),  an  albuminoid 
(vegetable  gelatin),  lecithin  (Hoppe-Seyler),  traces  of  fat,  starch  in  large 
amount,  and  especially  at  the  time  of  germination,  an  amyloid  ferment  (dias- 
tase). Grain  which  has  been  ground  and  freed  from  the  husks  (bran)  is  called 
flour  or  meal,  and  is  chiefly  used  in  the  preparation  of  bread.  On  mixing  flour 
with  water  a  tenacious  mass,  dough,  is  formed  by  the  action  of  the  latter  on  the 
gluten.  This  dough  must  be  then  loosened  or  rendered  spongy,  and  afterwards 
heated  strongly.  The  loosening  is  effected  by  the  evolution  in  the  dough  of 
carbonic  acid  gas,  produced  by  the  conversion  of  part  of  its  starch,  by  means  of 
the  diastase,  into  dextrin  and  sugar,  and  the  fermentation  (alcoholic)  of  the 
latter  on  the  addition  of  barm  or  yeast.  The  dough  thus  caused  to  '  rise '  is 
then  heated  to  about  200°  C,  which  serves  to  drive  off"  the  alcohol  at  once. 
The  plan  of  introducing  artificially  prepared  carbonic  acid  into  the  dough  in- 
stead of  evolving  it  by  means  of  fermentation  has  recently  been  adopted  (aerated 
bread).  Another  substance  derived  from  cereals  is  beer,  a  watery  decoction  of 
grain  (malt)  which  is  germinating,  and  therefore  rich  in  dextrin  and  sugar. 
Yeast  is  added  to  the  decoction,  which  thereupon  imdei'goes  alcohohc  fermenta- 
tion. Beer  contains  chiefly  dextrin,  alcohol,  bitter  substances  which  are  added 
to  it,  and  absorbed  carbonic  acid.  Of  all  intoxicating  liquors  it  is  the  one  which 
contains  least  alcohol  (2-8  p.c.)  On  distillation,  beer  and  similar  fermented 
liquors  prepared  from  malt  (or  potatoes)  yield  a  beverage  (brandy)  veiy  rich 
in  alcohol. 

5.  Leguminous  fruits  (peas,  beans,  lentils,  &c.)  contain  a  great  quantity  of 
an  albuminous  body  (legumin),  besides  lecithin  and  starch.  They  are  eaten  for 
the  most  part  after  having  been  boiled  in  water,  the  starch  being  therefore  in 
the  form  of  a  paste.  It  is  not  possible  to  use  them  in  the  preparation  of  bread, 
as  on  account  of  the  absence  of  gluten  they  do  not  form  a  dough. 

6.  Potatoes  chiefly  contain  starch,  in  addition  to  a  small  quautity  of  albumin. 

7.  Fruits  which  are  sweet  contain  various  kinds  of  sugar,  dextrin,  vegetable 
gelatin,  very  little  albumin,  and  organic  acids  (tartaric  acid,  malic  acid,  citric 
acid,  &c.)  INIany  species,  especially  grapes,  furnish  alcoholic  beverages — wines — 
on  fermentation  of  their  juices. 

8.  The  green  parts  of  plants  (leaves,  stalks,  &c.),  and  roots,  contain  chiefly 
starch,  dextrin,  sugar,  and  albuminous  bodies  in  small  amount. 

All  vegetable  alimentary  substances  contain,  as  their  chief  constituent,  cel- 
lulose, which  is  almost  or  entirely  incapable  of  digestion  by  man  and  carnivorous 
animals,  but  which  is  probably  of  great  nutritive  value  to  herbivorous  anknals. 

Ingestion  of  Food. 

The  ingestion  of  food  takes  place  voluntarily,  at  intervals 
which  are,  for  the  most  part,  of  such  short  duration  that  digestion 
and  absorption  are  scarcely  interrupted,  at  least  during  the  day. 
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It  receives  its  stimulus  in  certain  sensations — hunger  and  thirst  — 
which  have  not  hitherto  been  satisfactorily  explained,  but  which 
indicate  the  lack  of  noimshment  on  the  part  of  the  organism. 
The  sense-organs  in  which  this  necessity  of  the  whole  body  makes 
itself  felt  as  sensations  are  certain  parts  of  the  alimentary  appa- 
ratus. Thirst  alone  takes  the  form  of  a  localised  sensation,  a 
feeling  of  dryness  and  burning  in  the  throat,  occasioned  by  de- 
ficiency of  water  in  the  mucous  membrane  of  the  palate  and 
pharynx.  This  deficiency  of  water  is  usually  only  the  local  mani- 
festation of  the  general  state  of  the  tissues  of  the  organism.  It 
may,  however,  be  induced  by  drying  the  mucous  membrane  of 
the  throat  (by  blowing  dry  air  over  the  part),  or  by  withdrawing 
the  water  in  some  other  way  (by  the  application  of  hygroscopic 
salts).  The  feeling  of  thirst  may  be  allayed  as  a  rule  by  the  local 
application  of  water  to  the  parts  concerned  ;  and,  as  this  is  accom- 
plished most  frequently  by  drinking,  the  whole  body  is  at  the  same 
time  supplied  with  water.  Other  methods  of  introducing  water 
into  the  system,  e.g.  its  injection  into  veins,  also  allay  it,  as  would 
be  expected  from  the  circumstance  that  it  results  from  the  general 
deficiency  of  water  in  the  tissues  (Chap.  X.,  Sec.  v.)  Hunger,  on 
the  contrary,  which  is  a  pressing,  gnawing  sensation  in  the  stomach, 
and,  in  its  later  stages,  in  the  intestine  also,  cannot  be  regarded 
as  the  local  expression  of  a  general  lack  of  nutriment  occasioned 
by  deficiency  of  material  in  the  neighbourhood  of  the  gastric  and 
intestinal  membranes.  It  is,  as  it  seems,  a  sensation  of  emptiness 
in  the  digestive  organs,  the  conditions  of  which  are  yet  quite  un- 
known ;  for  it  may  be  assuaged  by  filling  the  stomach,  even  though 
it  be  with  indigestible  matter.  In  such  a  case,  of  course,  a  sensa- 
tion of  general  lack  of  nourishment  supervenes  after  a  time,  which 
differs  from  the  usual  feeling  of  hunger,  but  the  nature  of  which 
is  as  little  understood. 

The  nerves  which  minister  to  the  sensation  of  thirst  are  protaWy  some  or  all 
the  afferent  nerves  of  the  palate  and  pharynx  (fifth,  vagus,  and  glosso-phaijn- 
geal).  Those  concerned  in  hunger  are  yet  quite  unknown.  Section  of  the  vagi 
and  of  the  splanchnics  does  not  diminish  the  desire  for  food  in  animals. 


II.  LOSSES. 

The  substances  which  the  body  is  continually  giving  up  as  of 
no  further  use  to  it  are  : 

1.  Substances  which  are  quite  incapable  of  taking  part  in  the 
exchanges  of  matter,  viz.  the  indigestible  portions  of  food. 

2.  Those  results  of  the  oxidations  occurring  in  the  body  which 
are  incapable  of  any  further  oxidation  while  within  the  body,  viz. 
carbonic  acid,  water,  urea,  and  uric  acid. 

3.  Certain  secreted  materials  which  have  been  poured  out  on 
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the  internal  or  external  surface  of  the  body  in  order  to  be  utilised 
there,  and  which,  on  account  of  some  property,  are  incapable  of 
reabsorption,  e.g.  the  insoluble  constituents  of  bile,  the  mucus  of 
the  alimentary  secretions,  the  fats  of  the  tegumentary  secretion, 
horny  substance,  &c. 

4.  A  portion  of  the  unoxidizable  constituents  of  the  body — 
water  and  salts — which  are  continually  excreted,  owing  to  their 
physical  deportment  towards  other  bodies;  for  example,  water  is  ex- 
creted for  the  most  part  as  the  solvent  of  other  excretory  substances. 

The  above-mentioned  substances  may  be  got  rid  of  in  the  form 
of  gaseous,  liquid,  or  solid  excretions.    The  most  important  are  : 

1 .  The  respiratory  excretion  from  the  lungs,  skin,  and  intestine 
(carbonic  acid  and  water). 

2.  The  urine  (water,  salts,  urea,  uric  acid,  &c.) 

3.  The  fluid  tegumentary  excretions,  viz.  sweat  (water,  salts, 
urea,  fatty  acids,  &c.),  and  the  sebaceous  excretion  (fats,  water, 
salts,  albumin). 

4.  The  faeces  (the  indigestible  portions  of  food  and  of  the 
alimentary  secretions). 

5.  The  exuviation  of  epithelium  (the  shedding  of  epidermis, 
hair  and  nails). 

In  addition  to  the  above-mentioned  excretions,  which  contain 
for  the  most  part  really  excrementitious  substances,  the  body  yields 
up  periodically  certain  of  its  constituents  which  are  so  little 
oxidized  as  to  be  capable  of  further  use  in  the  formation  or  nourish- 
ment of  other  organisms.  They  are :  1,  Milk  ;  2,  Ova ;  3,  Semen ; 
which  are  excretions  rich  in  albumin,  carbo-hydrates,  and  fat. 
Menstrual  blood  may  also  be  included  in  the  list. 

Most  of  the  excretions  above  referred  to  are  direct  secretions 
from  the  blood,  and,  as  such,  have  been  already  described.  Thus 
urine,  the  sudoriparous  and  sebaceous  excretions,  and  milk,  are 
treated  of  in  Chapter  II.,  and  the  respiratory  excretion  in  Chapter 
IV.  Faeces,  or  the  mixture  formed  in  the  alimentary  canal  during 
digestion,  have  been  mentioned  in  the  description  of  that  process 
in  Chapter  III.  The  remaining  excretions,  viz.  those  of  epithe- 
lium, ova,  and  semen,  consist  essentially  in  the  separation  of  cells 
or  portions  of  cells.  The  last  two  are  discussed  in  the  Fourth 
Section  of  the  book.  The  exuviation  of  epithelium  takes  place  in 
the  following  manner :— Those  internal  and  external  surfaces  which 
are  covered  with  scaly  epithelium,  viz.  the  epidermis,  the  mucous 
membrane  of  mouth  and  pharynx,  portions  of  the  urinary  and 
genital  organs,  and  the  conjunctiva,  lose  continually  their  upper 
layers  of  cells  after  the  latter  have  undergone  a  peculiar  process  of 
shrinking  and  conversion  into  a  homy  material.  The  horny  cells 
of  the  external  skin,  i.e.  the  most  external  layers  of  the  epidermis, 
together  with  the  corresponding  portion  of  nails  and  hair,  are 
simply  rubbed  ofif  by  use  ;  those  of  the  mucous  membranes  mingle 
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in  the  secretions  which  bathe  them  (saliva,  mucus,  urine,  tears), 
and  are  conveyed  out  of  the  body  in  the  faeces  or  urine  as  the  case 
may  be.  This  desquamation  of  epithelial  cells  is  the  cause  of  no 
inconsiderable  loss  of  nitrogen  and  sulphur  to  the  body. 

III.    THE  ECONOMY  OF  THE  BODY. 
1.  When  the  Gains  are  equal  to  the  Losses. 

The  simplest  relationship  which  can  exist  between  the  food  con- 
sumed and  the  body  is,  when  the  former  is  just  sufficient  to  cover 
the  expenditm-e  of  the  latter,  and  so  to  maintain  it  at  its  usual 
standai'd  of  weight.  In  this  case  it  is  not,  of  course,  sufficient  that 
the  total  gains  of  the  body  equal  the  total  losses.  If  the  chemical 
composition  of  the  body  is  to  remain  unchanged,  the  amount  of 
the  individual  chemical  constituents  of  the  former  must  also  be 
equal  to  the  corresponding  constituents  of  the  latter.  When  this 
is  the  case  the  following  relations  exist  between  Grains  and  Losses  : 

1.  The  total  losses  of  the  body,  after  subtracting  the  faeces 
which  are  most  variable  in  quantity,  are  referable  in  about  an 
equal  extent  to  the  urine  on  the  one  hand,  and  to  the  sudoriparous 
and  respiratory  secretions  on  the  other.  In  this  division  the 
following  are  neglected  :  the  true  elements  of  loss  contained  in 
the  faeces  (constituents  of  bile,  <&c.),  the  sebaceous  secretion,  and 
the  exuviated  epithelial  cells,  concerning  which  no  determinations 
have  as  yet  been  made.  In  carnivorous  animals  the  urinary  se- 
cretion is  for  the  most  part  somewhat  in  excess  of  all  the  others, 
including  the  faeces.  In  herbivorous  animals,  on  the  contrary,  it 
only  amounts  to  one-eighth  or  one-third  of  the  other  secretions. 
The  cause  of  this  lies  chiefly  in  the  greater  amount  of  faeces  ex- 
creted by  the  latter. 

2.  The  elements  which  compose  the  inorganic  constituents  of 
the  body  (water  and  salts),  and  which  are  excreted  and  restored  in 
similar  combinations,  are  the  following : 

a.  "Water.  The  proportionate  amounts  of  water  separated  by 
the  various  excretions,  if  we  except  that  separated  in  the  faeces, 
which  is  generally  of  small  amount,  depend  chiefly  upon  the  tem- 
perature and  the  hygi-ometric  state  of  the  atmosphere.  The  loss 
of  water  from  the  lungs  is  almost  constant,  as  there  the  same 
extent  of  surface  moistened  to  the  same  degree  constantly  comes 
into  contact  with  the  atmosphere  by  means  of  a  stratum  of  air 
which  is  continually  in  motion.  Moreover,  the  loss  of  water  by 
cutaneous  respiration  cannot  be  distinguished  from  that  which 
occurs  in  the  secretion  of  sweat ;  hence,  both  may  be  taken  to- 
gether. Therefore,  it  may  be  said  that  the  chief  loss  of  water  is 
referable  to  the  lungs,  skin,  and  kidneys.  For  reasons  which  are 
very  apparent,  it  will  be  seen  that  with  a  dry,  warm  atmosphere, 
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the  loss  of  water  from  the  skin  will  be  greater  than  that  from  the 
kidneys,  while  with  a  moist,  cold  atmosphere,  the  reverse  will 
obtain.  That  the  total  amount  of  the  excreted  water  depends 
upon  the  amount  ingested  has  already  been  indicated :  and  more 
will  be  said  below  in  reference  to  this  matter  in  speaking  of  the 
ingestion  of  excessive  amounts  of  food.  In  carnivores  almost  the 
whole  of  the  water  (as  much  as  90  per  cent.)  is  got  rid  of  from 
the  kidneys;  while  in  herbivores  as  much  as  60  per  cent,  passes 
away  in  the  faeces. 

h.  Salts  are  chiefly  excreted  in  the  urine;  some,  however, 
iappear  in  the  sweat,  while  a  few  (mostly  those  of  potassium  and 
the  indigestible  salts)  pass  out  of  the  body  in  the  faeces,  together 
with  any  superfluity  of  salts  which  may  have  been  ingested. 

3.  The  elements  of  the  (oxidized)  organic  compounds  of  the 
body  are  excreted  for  the  most  part  in  the  form  of  inorganic 
products  of  oxidation,  and  less  frequently  as  organic  products 
of  oxidation  or  decomposition.    They  are  : 

a.  Carbon,  by  far  the  largest  portion  (more  than  90  per  cent.) 
being  excreted  in  the  form  of  carbonic  acid  in  the  process  of  re- 
spiration. A  smaller  amount  is  separated  in  the  form  of  less 
highly  oxidized  products  during  the  other  processes  of  secretion 
(in  urea,  uric  acid,  &c. ;  in  the  horny  substance  of  epithelium,  the 
sebaceous  secretion,  the  constituents  of  the  secretions  contained  in 
the  faeces,  &c.) 

h.  Hydrogen  {i.e.  that  derived  from  the  organic  constituents  of 
the  body)  is  separated  for  the  most  part  in  the  form  of  water, 
together  with  the  water  which  previously  existed  as  such  in  the 
body.  A  small  portion  quits  the  organism  in  the  organic  com- 
pounds mentioned  imder  a. 

c.  Oxygen  {i.e.  that  derived  from  the  organic  compounds  of  the 
body)  is  excreted  together  with  that  taken  into  the  system  for  the 
purposes  of  oxidation,  the  amount  of  the  latter  kind  being  from 
three  to  ten  times  as  great  as  that  of  the  former.  By  far  the 
greater  proportion  is  separated  in  the  most  highly  oxidized  bodies 
highest  forms  of  oxidation,  viz.  as  carbonic  acid  and  water,  only  a 
small  amount  being  excreted  in  the  less  oxidized  bodies  as  urea,  &c. 

d.  Nitrogen  is  excreted  entirely  in  the  form  of  decomposition- 
products,  for  the  most  part  as  urea  in  urine  and  sweat,  but  also 
as  uric  acid,  urinary  colouring  matter,  horny  substance,  biliary 
constituents,  and  possibly  in  small  amounts,  as  ammonia  and  pure 
nitrogen. 

The  old  question  whetlier,  when  the  hody-wei^ht  remains  the  same,  all  the 
nitroo-en  taken  into  the  system  reappears  in  the  visible  excretions  (especially  in 
uvine°and  fjBces),  or  whether  a  part  only  is  so  excreted— a  circumstance  which 
would  compel  the  admission  of  a  separation  of  nitrogen  in  the  lungs— seems 
now  to  have  been  settled  in  favour  of  the  former  alternative  (Voit,  Siewert, 
Schulze  and  Marclcer  [Henueberg],  Stohmann :  this  view  is,  however,  opposed 
by  Seegau).   In  the  special  case  where  the  food  happens  to  be  very  albuminous, 
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it  is  still  maintained  by  Stohmann  that  the  amount  of  nitrogen  recoverable  from 
the  visible  excretions  is  less  than  that  ingested.  When  cutaneous  perspiration 
takes  place  such  a  comparative  deficiency  of  nitrogen  is  observable  owing  to  the 
excretion  of  that  body  in  the  sweat  (Leube). 

e.  Sulpliur  (derived  especially  from  the  alkaline  albuminates 
of  the  body)  leaves  the  organism,  about  half  of  it  in  the  form  of  sul- 
phates in  the  urine,  and  the  rest,  combined  in  various  organic  com- 
pounds, in  epithelial  exuviations  and  in  the  faeces  (keratin,  taurine). 

The  question  of  how  much  food  must  be  taken,  in  order  that 
the  gains  and  losses  shall  balance,  cannot  be  answered  simply. 
Seeing  that  the  organism  on  account  of  its  indispensable  activities, 
and  the  tissue  changes  which  necessarily  accompany  them,  is  sub- 
ject to  certain  necessary  losses,  it  might  appear  as  if  two  ways 
would  lead  us  to  our  end.  The  first  would  consist  in  giving  a  man 
or  an  animal  the  smallest  amount  of  food  requisite  for  the  mainten- 
ance of  the  weight  of  the  body,  and  in  analysing  the  excreted 
substances  under  these  conditions,  the  elements  of  which  should 
correspond  quantitatively  with  those  of  the  food :  the  second,  in 
depriving  an  animal  of  all  food,  in  which  case  we  may  be  certain 
that  no  material  is  unnecessarily  excreted,  and  then  determining 
the  necessary  elements  of  food  by  analysis  of  the  excreta.  Both 
methods  are,  however,  very  defective,  and  experience  teaches  that 
the  same  individual  is  able  to  maintain  a  state  of  nutritive  equili- 
brium on  very  diverse  amounts  of  nutriment — that,  in  fact,  the 
losses  and  stock  of  the  body  regulate  themselves  according  to  its 
gains,  as  will  be  shown  in  the  sequel. 

The  first  method  possesses  the  following  sources  of  error:  1.  The  process 
itself  is  a  working  in  the  dark,  and  leads  with  difficulty  to  an  exact  result. 
2.  The  difficulty  of  excluding  all  imnecessary  use  of  material  such  as  would  be 
occasioned  by  movements,  &c.  3.  The  uncertainty  whether  the  amount  of 
food  which  is  just  sufficient  to  maintain  the  weight  of  the  body  at  its  normal, 
would  not  be  found  to  be  less  if  its  composition  were  more  judiciously  ar- 
ranged ;  or,  in  other  words,  whether  certain  of  the  constituents  of  the  excreta 
are  not  due  to  an  excess  of  the  materials  ingested.  4.  The  difficulty  in  estimat- 
ing the  elements  of  the  faeces.  The  faeces  contain  (Ohap.  III.)  not  only  the 
results  of  material  exchanges  (portions  of  the  alimentary  secretions),  but  also 
the  indigestible  parts  of  food,  which  must  by  no  means  be  reckoned  among  the 
losses  of  the  body  due  to  the  repair  of  its  tissues,  but  are  to  be  attributed  to  the 
accidental  composition  of  the  food  itself.  The  faeces  of  herbivorous  animals, 
for  example,  form  almost  the  half  of  the  total  excretions  of  the  body  (in  horses 
40  to  50  per  cent.,  "Valentin,  Boussingault ;  in  cows,  34-4  per  cent.,  Boussin- 
gault)  on  account  of  the  considerable  quantity  of  indigestible  material  contained 
in  vegetable  food.  In  carnivorous  animals,  on  the  contrary,  the  proportion  is 
very  imimportant  (in  cats  1  per  cent.,  Bidder  and  Schmidt).  In  omnivores  it 
is  intermediate  (being  in  men  4  to  8  per  cent.,  Valentin,  Barral,  Hildesheim  ; 
and  in  pigs  19-9  per  cent.,  Boussingault),  and  varies  from  time  to  time  with 
the  kind  of  food.  In  order  to  eliminate  this  very  varying  and  unnecessary  factor 
in  the  calculation  of  the  losses  of  the  body,  we  must  either  disregard  the  faeces 
altogether —in  doing  which  another  error  is  introduced  by  overlooking  the  real 
elements  of  loss  which  they  may  happen  to  contain — or  we  must  choose  ali- 
mentary substances  which  contain  no  indigestible  portions — au  experiment 
which  has  not  yet  been  tried. 
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.  /°  second  method  a  great  error  is  introduced  by  the  circumstance  that 
m  famished  animals  the  various  functions  quickly  become  languid,  and,  in  con- 
sequence, the  consumption  and  the  losses  of  the  body  less  than  when  a  suffi- 
ciency of  food  is  taken. 

The  data  concerning  the  absolute  amount  of  the  losses  of  the 
body  and  the  quantity  of  food  necessary  to  repair  the  losses  are 
therefore  very  uncertain.  The  following  is  an  epitome  of  the 
results  which  have  been  obtained  : 

1.  The  minimum  excretion  (or  ingestion)  is  larger  the  smaller 
the  animal  observed.  For  the  purposes  of  comparison,  the  exchange 
of  matter,  in  twenty-four  hours,  per  kilogramme  of  the  weight  of 
the  animal,  is  determined.  It  is  thus,  found  that  in  pigeons  a 
far  larger  exchange  of  matter  occurs  for  every  kilogramme  than 
in  dogs  ;  while  in  the  latter  it  is  far  greater  than  in  man.  This 
is  explained  by  the  greater  activity  of  the  vital  processes  in  smaller 
organisms :  small  animals,  for  example,  on  account  of  the  com- 
paratively large  extent  of  surface  which  they  expose,  must  generate 
more  heat  than  large  ones,  in  order  to  maintain  their  temperature 
(Chapter  VII.) 

2.  The  minimum  amount  of  food  necessary  is  lowest  when  the 
elements  of  the  food  are  mingled  together  in  a  definite  manner. 
Such  a  perfect  mixture  of  the  elements  of  food  contains  proteids, 
fats  or  carbo-hydrates,  possibly  also  lecithin,  water  and  salts  in 
certain  proportions,  the  salts  being  present  in  smallest  amount,  and 
water  in  greatest. 

3.  The  most  favourable  relationship  of  these  elements  one  to 
another,  i.e.  the  proportion  that  must  exist  among  them  so  that 
the  smallest  amoimts  may  be  able  to  maintain  the  normal  weight 
of  the  body,  varies  in  the  varying  conditions  of  age,  sex,  and  mode 
of  life. 

4.  Up  to  a  certain  point  the  amount  of  albumin  usually  con- 
sidered necessary  in  the  food  may  be  decidedly  diminished  by 
increasing  the  amount  of  fats  or  carbo-hydrates :  possibly,  as 
Hoppe  and  Voit  suggest,  becatise  every  body  which  oxidizes  more 
easily  than  albumin  prevents  the  action  of  oxygen  on  that  body  by 
attracting  it  to  itself. 

5.  The  minimum  amount  of  food  necessary  is  greater  according 
as  the  organism  is  already  fattened  by  excessive  feeding. 

The  absolute  numbers  which  represent  the  minimum  bodily  exchanges, 
determined  according  to  the  methods  previously  referred  to,  in  consequence 
of  defects  inherent  in  the  methods,  only  possess  value  when  all  the  conditions 
of  the  experiment  are  carried  out.  Here  their  function  ceases.  We  must, 
however,  mention  that  the  temperature,  the  amount  of  muscular  work,  &c., 
also  influence  the  material  waste  of  the  body. 

As  an  example  of  the  receipts  and  losses  of  a  strong  man  in  a  condition  of 
almost  exact  nutritive  equilibrium,  the  following  tabular  statement  (Pettenkofer 
and  Voit)  is  appended  : — 
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Weight  at  the  commencement  of  the  experiment 
„     after  completion  „ 


69-29  hilos. 
69-55  kilos. 


N 

0 

Mineral 

Grammes  in  24  hours. 

Water 

c 

H 

matters 

Gains  : 

Meat  .... 

139-7 

79-5 

31-3 

4-3 

8-50 

12-9 

3-2 

Albumin .    .  . 

41-5 

0-7 

1-55 

2-0 

0-3 

Bread     .    .  • 

450-0 

208-6 

109-6 

15-6 

5-77 

100-5 

99 

Mil  It 

500-0 

do  Z 

O  D 

3-15 

17-0 

3-6 

Beer  .... 

1025-0 

961-2 

25-6 

4-3 

0-67 

30-6 

2-7 

Melted  fat  .  . 

70-0 

ooo 

Q.Q 
O  O 

O  X 

Butter    .    .  , 

30-0 

2-1 

22-0 

3-1 

003 

2-8 

— 

btarcii    .    .  . 

11-0 

26-1 

3-9 

■  '  " 

29-0 

Sugar     .    .  . 

17-0 

7  2 

O  1 

Salt  .... 

4-2 

Water    .    .  . 

286-3 

286-3 







— 

Inspii'ed  oxygen 

709-0 

— 

— 

— 

— 

709-0 

2016-3  = 



224-0 



1792-3 



Sum  of  tlie  gains 

3342-7 

— 

315-5 

270-9 

19-47 

2712-9 

23-9 

Losses  : 

Urine     .    .  . 

1343-1 

1278-0 

12-60 

2-76 

17-35 

13-71 

18-1 

Ffeces    .    .  . 

114-5 

82-9 

14-50 

2-17 

2-12 

7-19 

5-9 

Expired  products 

1739-7 

828-0 

248-60 

663-10 

2189-5  = 

243-30 

1946-20 

Sum  of  the  losses 

3197-3 

275-70 

248-22 

19-47 

2630-20 

24-0 

Difference — Gains 

minus  losses 

+ 145-3 

+  39-8 

+  22-7 

0 

+  82-7 

-0.11 

2.  When  the  Supply  of  Food  is  Deficient. 

Inasmuch  as  the  indispensable  activities  of  the  body,  as  the 
movements  of  the  heart,  and  of  respiration,  and  the  development 
of  heat,  are  constantly  accompanied  by  certain  losses,  it  follows 
that,  if  the  body  be  supplied  continuously  with  an  insufficient  diet, 
a  time  must  come  when  the  body-weight  will  commence  to  decrease, 
the  loss  of  weight  continuing  until  death.  In  the  case  of  starva- 
tion, when  there  is  a  complete  deprivation  of  food,  this  diminution 
in  body-weight  commences  at  once ;  and  sooner  or  later,  according 
to  the  condition  of  the  animal  at  the  commencement,  a  period 
arrives  at  which  the  functions  of  the  body,  as  well  as  its  losses, 
begin  to  diminish  ;  this  diminution  continues  until  death.  The 
material  exchanges  which  occur  in  fasting  animals  merely  consist 
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in  the  combustion  of  the  constituents  of  the  body  by  means  of  the 
oxyg-en  continually  inspired,  and  the  excretion  of  the  products  of 
that  combustion,  and  of  the  incombustible  constituents,  water  and 
salts.  The  organism,  as  a  whole,  undergoes  in  the  meantime  no 
repair ;  but,  in  all  probability,  certain  portions  of  it  are  restored 
at  the  expense  of  others  by  the  action  of  the  blood,  which  transfers 
to  the  former  the  energy-yielding  materials  which  the  latter  may 
contain  in  superabundance. 

Observations  of  tlie  material  exchanges  of  fasting  animals  (Experiments  on 
Inanition)  extending  over  considerable  periods  have  only  been  made  on  the 
lower  animals,  chiefly  on  pigeons  (Ohossat),  dogs  (Bischotf  and  Voit),  and  cats 
(Bidder  and  Schmidt) . 

The  following  generalizations  have  been  made  from  experi- 
ments on  fasting  animals : 

1.  At  the  beginning  of  the  process  of  starvation  the  body- 
weight  as  well  as  the  activities  and  the  losses  of  the  body  de- 
crease. The  diminution  in  the  losses  of  the  body  naturally  causes 
the  decrease  in  its  weight  to  become  less  from  day  to  day ;  for  the 
sum  of  the  losses  or  excretions,  after  subtracting  the  amount  of 
the  oxygen  taken  into  the  body,  expresses  directly  the  loss  of 
the  body  in  weight.  The  diminution  in  the  bodily  energies  or 
activities,  which  is  intimately  connected  with  the  decrease  in  the 
losses,  is  indicated  especially  by  a  low  temperature  and  an  in- 
frequent pulse  and  respiration,  the  diminished  income  of  oxygen 
thus  brought  about  occasioning  a  diminution  in  the  processes  of 
oxidation. 

2.  The  diminution  in  the  excreta  does  not  affect  all  their 
elements  equally.  Herbivores  exhibit  the  most  considerable  alter- 
ation in  the  composition  of  their  excreta ;  for  all  fasting  animals 
may  be  regarded  as  carnivores,  since  they  subsist  on  nothing  but 
the  constituents  of  their  own  bodies.  Thus,  in  the  case  of  fast- 
ing herbivores,  the  amount  of  urea  in  the  excretions  at  first  in- 
creases. As  a  rule,  however,  the  amount  of  Tirea  in  the  excretions 
diminishes  as  the  time  during  whicb  no  food  has  been  taken  ex- 
tends—a  proof  that  the  decrease  in  the  processes  of  oxidation  in 
the  organism  concerns  also  the  oxidation  of  the  nitrogenous 
(albuminous)  constituents  of  tbe  body.  The  diminution  in  the 
amount  of  urea  excreted  is  at  first  abrupt,  and  the  more  so  the 
larger  the  amounts  which  were  normally  excreted  before  starvation 
commenced  ;  later  on,  the  excretion  of  urea  diminishes  slowly  and 
regularly.  While,  therefore,  in  the  later  periods  of  starvation,  a 
certain  proportion  of  the  albumin  of  the  body  (organic  albumin) 
is  regularly  used  up,  at  the  commencement  it  is  the  stored-up 
albumin  derived  from  the  food  last  ingested  which  is  expended 
(Voit). 

3.  After  the  animal  has  lost  a  certain  fraction  of  its  weight, 
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death  by  starvation  supervenes,  the  interval  from  the  commence- 
ment of  starvation  varying  in  different  individuals.  The  length 
of  the  interval,  and  the  amount  of  the  loss  which  the  animal  is 
able  to  sustain  before  death,  depend  upon  the  condition  of  the 
animal  previously.  Animals  which  have  been  fattened  require  a 
certain  time  longer  to  allow  of  their  weight  attaining  its  normal 
condition;  for  not  imtil  this  has  been  accomplished  does  any 
diminution  in  the  losses  and  activities  of  the  body  occur,  and 
starvation,  therefore,  really  commence.  Thus,  young  and  poorly- 
fed  pigeons  die  in  three  dayp,after  losing  one-fourth  of  their  weight, 
while  old  and  well-fed  birds  will  live  for  thirteen  days,  until  they 
have  lost  nearly  the  half  of  their  former  weight  (Chossat). 

4.  The  amount  of  loss  in  weight  determined  after  death  differs 
much  in  various  parts  of  the  body.  The  oleaginous  contents  of  the 
fatty  tissues  (or,  briefly,  the  fat)  diminish  most,  the  whole  tissue 
losing  from  91  to  93  per  cent.,  i.e.  the  connective  tissue  alone 
remains.  The  abdominal  viscera  and  muscles  lose  less  weight  than 
the  fat.  The  brain  and  spinal  cord  lose  extremely  little ;  the  former, 
however,  somewhat  less  than  the  latter.  The  blood,  it  may  be  noted, 
especially  in  the  amount  of  its  haemoglobin,  maintains  approxi- 
mately its  relationship  to  the  whole  weight  of  the  body.  This 
inequality  of  loss  in  the  various  parts  of  the  body  is  brought  about 
by  the  power,  before  referred  to,  which  the  blood  has  of  conveying 
material  from  one  organ  to  another,  and  thus  securing  as  per- 
fectly as  possible,  the  nourishment  of  the  organs  most  frequently 
used.  This  is  indicated  not  only  by  the  fact  of  the  slight  loss  of 
weight  of  the  brain,  the  activity  of  which  continues  undiminished 
until  death,  but  also  by  the  smallness  of  the  loss  sustained  by  those 
muscles  which  are  continually  in  use,  as  compared  with  the  loss  sus- 
tained by  those  which  are  less  active.  As  fat  and  muscle  are  the 
chief  elements  in  the  losses  of  animals  when  fasting,  it  is  generally 
stated  that  animals  in  such  a  condition  live  upon  their  own  fatty 
and  muscular  tissues.  Certain  investigators  (Schmidt,  Bischoff 
and  Voit)  have  even  calculated  from  the  nitrogenous  elements  of 
the  excreta  the  quantity  of  such  muscular  substance  used,  and 
have  considered  all  the  remaining  elements  which  are  referable  to 
the  organic  constituents  of  the  body  (calculated  from  the  carbonic 
acid  excreted)  as  derived  from  consumed  fatty  material. 

In  addition  to  the  case  of  total  deprivation  of  food,  we  must 
consider  that  in  which  food  is  administered  in  insufficient  quantity. 
This  insufficiency  may  be  quantitative  or  qualitative,  i.e.  the  food 
taken  may  contain  all  the  necessary  elements  of  food,  but  in 
insufficient  quantities,  or  it  may  not  contain  all  the  essential 
elements.  Quantitative  insufficiency  induces  all  the  symptoms  of 
complete  starvation,  but  much  more  slowly.  Qualitative  insuf- 
ficiency in  most  cases  terminates  in  death  as  quickly  as  complete 
starvation,  but  with  a  less  diminution  in  the  body-weight.  During 
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complete  deprivation  of  water  '  (Scliuchardt)  animals  very  quickly 
cease  to  take  solid  food ;  and,  on  the  contrary,  during  complete 
deprivation  of  the  solid  constituents  of  food  (Bischoff  and  Voit, 
Chossat),  they  very  soon  refuse  to  take  water  :  each,  therefore,  may 
lead  to  starvation.  In  many  combinations  of  the  alimentary  ele- 
ments in  food,  the  observations  are  interfered  with,  either  by  the 
fact  that  the  maximum  absorption  becomes  so  slight  that  it  is 
impossible  to  study  the  effects  of  large  amounts,  or  by  the  ap- 
pearance of  morbid  symptoms,  e.g.  of  diarrhoea  when  the  com- 
bination consists  of  sugar  and  water.  Those  experiments  are  of 
most  importance  in  which  one  of  the  two  chief  organic  alimentary 
substances,  albuminous  bodies  or  fats  (carbo-hydrates),  is  withheld 
from  an  animal.  In  such  cases  the  general  loss  to  the  body  is 
considerably  less  than  in  fasting  animals  ;  each  of  these  elements 
of  food,  therefore,  can  to  some  extent  replace  the  other.  On  with- 
holding the  albuminous  elements  (as  by  feeding  on  fat  and  water, 
or  on  fat,  carbo-hydrates  and  water)  the  excretion  of  urea  becomes 
considerably  decreased,  while  the  weight  of  the  body  undergoes  a 
certain  but  not  excessive  diminution,  indicating  that  the  oxidation 
of  nitrogenous  bodies  is  proceeding  less  rapidly  than  usual  within 
the  organism.  On  withholding  fats,  no  marked  alteration  in  the 
exchanges  of  matter  of  the  body  occurs  if  the  food  contain  carbo- 
hydrates in  their  place.  If  the  latter  are  also  withheld,  a  very 
decided  increase  occurs  in  the  excretion  of  urea,  indicating  an 
increased  oxidation  of  nitrogenous  materials,  and  necessitating  an 
increased  ingestion  of  nitrogenous  food  in  order  that  life  may  be 
maintained. 

3.  When  the  Supply  of  Food  is  Excessive. 

The  matter  which  the  body  gains  is  in  greatest  part  taken 
voluntarily,  and  without  its  amount  being  regulated  by  any 
accurate  knowledge  of  the  requirements  of  the  organism ;  for  the 
sensations  which  might  give  expression  to  these  requirements,  viz. 
hunger  and  thirst,  lead  in  general  only  to  food  being  taken,  not  to 
its  being  taken  in  a  regulated  quantity,  and  besides,  very  often 
food  is  taken  without  the  intervention  of  either  hunger  or  thirst. 
Hence  the  consumption  of  a  diet  exceeding  the  wants  of  the  body 
is  very  usual — indeed,  the  rule.  This,  too,  depends  upon  the 
fact  that  up  to  a  certain  age  the  body  is  continually  increasing,  and 
that  after  that  age  certain  losses  of  unoxidized  materials  occur  in  both 
sexes  (semen,  menstruation,  nutrition  of  the  embryo,  lactation). 

In  the  case  of  a  very  abundant  diet,  the  following  events  might 
be  conceived  to  occur : 

1  That  is  to  say,  of  that  also  which  is  contained  in  the  organic  alimenta,ry  substances  ; 
for  many  animals  (e.^;.  cats,  Bidder  and  Schmidt)  can  do  very  well  without  actually 
driuhing  water. 
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1.  The  substances  taken  in  excess  of  the  requirements  might  not 
be  absorbed,  but  be  excreted  unchanged  in  the  faeces ; — this  event 
occurs  only  when  the  excess  is  very  great ;  the  maximum  amount 
of  absorption  will  be  soonest  reached  in  the  case  of  salts,  then  in 
that  of  fats,  and  last  of  all  in  the  case  of  water ;  or  the  substances 
in  excess  may  be  absorbed,  but  immediately  afterwards  excreted 
without  having  undergone  any  changes  :  this  occurs  only  in  the 
case  of  water  and  salts,  which .  are  excreted  until  the  body  has  its 
normal  amount  of  these  substances  left :  unoxidized  organic  bodies 
do  not  under  normal  circumstances  occur  in  any  excretion  except- 
ing in  milk,  in  ova,  and  in  semen. 

2.  The  substances  in  excess  might  be  simply  retained,  and  the 
losses  continuing  the  same  the  weight  of  the  body  increase  ;  in  this 
case  the  store  of  potential  energy  of  the  body  would  be  added  to. 

3.  The  excessive  ingestion  might  be  followed  by  an  increase  in 
the  decomposition,  in  the  processes  of  oxidation,  and  in  the  activities 
of  the  body,  so  that  the  losses  increased  and  the  weight  of  the  body 
remained  unchanged. 

4.  Were  it  conceivable  that  without  any  increased  oxidation 
the  weight  of  the  body  were  able  to  remain  approximately  constant, 
— and  that  a  decomposition  of  the  substances  taken  in  excess  occur- 
red, leading  to  the  formation  of  certain  products  of  decomposition 
very  rich  in  potential  energy,  and  of  others  very  poor,  of  which  the 
former  were  retained  and  the  latter  excreted — then  the  potential 
energy  associated  originally  with  all  the  matter  in  the  food  taken 
would  be  concentrated  in  a  smaller  amount  of  matter,  so  that  a 
marked  increase  in  the  store  of  energy  of  the  body  would  occur, 
but  only  a  slight  increase  of  its  weight. 

Experience  has  now  taught  us  that  when  the  body  is  supplied 
with  an  excessive  diet,  its  weight  does  increase,  but  that  the  excre- 
tion of  oxidized  products  is  also  increased,  especially  the  excretion 
of  m-ea  when  the  diet  is  highly  nitrogenous  (C.  Gr.  Lehmann, 
Bidder  and  Schmidt) ;  further,  that  if  we  except  the  products  of 
the  generative  organs,  unoxidized  organic  bodies  never  make  their 
way  into  the  excreta.  The  second  of  the  above-mentioned  hy- 
potheses is,  therefore,  excluded  by  the  circumstance  that  the  excre- 
tions always  increase.  The  third,  besides  not  agreeing  with  the 
experimental  fact  of  an  increase  of  weight  in  over-fed  animals, 
would  necessitate  a  corresponding  increase  in  the  amount  of  oxygen 
taken  into  the  body,  and  in  the  bodily  energies  or  activities,  in 
consequence  of  the  increased  extent  of  oxidation.  In  a  body  at 
rest  this  increase  in  the  bodily  energies  could  only  manifest  itself 
by  an  increased  formation  of  heat  (Chapter  VII.)  Such  an  in- 
creased formation  of  heat  does,  in  fact,  occur ;  the  augmented 
digestive  activity  requiring  a  greater  consumption  of  material  and 
yielding  more  heat  in  the  processes  of  secretion  and  movement ; 
but  the  amount  is  too  slight  to  satisfy  the  third  theory.  The 
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following  facts  support  the  fourth  of  the  above  methods  of 
disposal. 

As  in  the  case  of  an  insufficient  allowance  of  food,  so  also  when 
the  food  is  administered  in  excess,  the  expenditure  of  the  body 
accommodates  itself  to  a  certain  extent  to  the  income.  This 
accommodation  has  been  most  exactly  made  out  in  the  case  of  the 
albuminous  elements  (Bischoff,  Voit).  Whenever  an  animal  is  fed 
for  a  long  time  abundantly  with  albumin,  a  condition  of  equili- 
brium supervenes,  after  a  short  time,  between  the  nitrogen  in  the 
food  and  that  in  the  excreta ;  and  this  equilibrium  is  connected 
with  a  definite  weight  of  body,  which  is  meanwhile  maintained. 
If  the  amount  of  food  is  suddenly  increased,  and  maintained  at  the 
increased  rate,  the  equilibrium  is  again  established,  after  a  certain 
time,  with  an  increased  body-weight.  Until  this  state  of  equili- 
brium is  reached  the  excreta  are  somewhat  less  than  the  ingesta, 
and  albumin  is  stored  up  in  the  body,  the  animal  being  said  '  to 
make  flesh.'  If,  on  the  contrary,  the  amount  of  albuminous  food 
is  diminished,  the  excreta  continue  to  be  somewhat  greater  than 
the  ingesta  in  the  interval  preceding  the  readjustment  of  equili- 
brium with  a  diminished  body-weight ;  and  the  animal  '  loses  flesh.' 
The  organism  can,  therefore,  within  certain  limits,  '  readjust  itself 
for  every  alteration  in  the  amount  of  the  food  ingested,  its  consti- 
tution undergoing  a  change.  If  the  amount  of  food  ingested  be 
diminished  below  a  certain  point,  the  condition  of  hunger  super- 
venes, the  laws  of  which  are  similar  to  those  above  given. 

The  following  figure  (fig.  17.)  serves  to  illustrate  diagrammatically  what  has 
heen  said.    The  abscissa-line  aa'  indicates  the  time,  the  ordinates  of  the  thick 
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curve  the  weight  of  the  hody,  or  its  albuminous  constituents,  those  of  the  thin 
curve  the  amoimt  of  the  daily  excreta,  and  those  of  the  dotted  one  the  amount 
of  the  daily  ino-esta.  The  ingesta  are  suddenly  increased  m  amount  at  a,  and  at 
c  suddenly  diminished,  and  are  at  e  nothing.  Ko,  be,  de,  indicate  the  periods 
of  equilibrium  between  ingesta  and  excreta;  «&,  the  period  during  which  re- 
adiustment  is  in  progress  when  the  excreta  and  the  body-weight  are  both 
increasing:  cd,  the  period  during  which  readjustment  is  talnng  place  when  the 
excreta  and  the  body-weight  are  both  diminishing ;  ex',  the  penod  of  hunger. 
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also  characterised  by  the  decrease  of  both  body-weight  and  excreta.  The 
alterations  in  the  weight  of  the  body  on  each  day  are  of  course  determined  by 
the  difference  between  ingesta  and  excreta. 

According  to  recent  investigations  (Pettenkofer  and  Voit),  it 
would  seem  that  a  similar  relationship  between  gains,  losses,  and 
stock  exists  in  the  case  of  fat  as  in  the  case  of  albumin.  The 
amount  of  fat  stored  up  in  the  body  is,  however,  also  dependent  upon 
the  albuminous  ingesta.  When,  therefore,  the  latter  are  increased 
in  amount,  there  occurs  not  only  an  accumulation  of  albumin, 
but  also  of  fat.  Fat  is  probably  formed  during  the  decomposi- 
tion of  albumin  under  certain  circumstances  ; — a  decomposition 
occurring  which  is  attended  with  excretion  of  urea  and  retention  in 
the  body  of  certain  energy-yielding  complex  molecules,  such  as  is 
contemplated  in  the  fourth  of  the  four  possible  courses  mentioned 
above.  What  the  circumstances  are  which  are  favourable  to  this 
formation  of  fat,  and  whether  they  are  connected  with  the  exces- 
sive ingestion  of  food,  cannot  yet  be  exactly  stated.  On  the  other 
hand,  the  expenditure  of  albumin  is  diminished  by  the  simul- 
taneous ingestion  of  fats  or  carbo-hydrates,  of  which  fact  no 
explanation  has  hitherto  been  given.  The  very  general  statement 
that  fats  and  carbo-hydrates,  being  easily  combustible  substances, 
attract  to  themselves  the  oxygen,  and  in  that  manner  save  the 
albumin,  is  not  very  well  founded.  That  the  addition  of  a  fatty 
element  to  an  albuminous  diet  leads  to  the  accumulation  of  fat  in 
the  body  is  most  probably  to  be  explained  by  the  direct  accumula- 
tion of  the  fat  ingested,  or  the  diminished  use  of  that  already 
present.  On  the  other  hand,  the  carbo-hydrates  of  the  food  are 
rapidly  burned  up,  and  only  further  the  storing  up  of  fat  produced 
at  the  expense  of  the  albumin  or  fat  of  the  food,  by  protecting  fat 
from  oxidation ;  therefore  the  deposition  of  fat  increases  with  the 
supply  of  albumin,  when  the  quantity  of  carbo-hydrates  remain 
constant ;  the  converse  does  not,  however,  occur,  i.e.  the  fat  stored 
does  not  increase  with  the  carbo-hydrates  when  the  albumin 
remains  constant  (Pettenkofer  and  Voit). 

The  fats  of  the  body  might  be  derived: — 1.  From  albuminous  bodies,  as  is 
indicated  (a)  by  the  appearance  of  a  fatty  body  (adipocere)  in  the  albuminous 
tissues  of  dead  bodies ;  (b)  by  the  formation  of  fat  out  of  casein  in  standing  milk.; 
(c)  by  a  similar  process  in  the  'ripening'  of  cheese;  (d)  by  the  appearance  of 
stearin  in  the  body,  when,  in  addition  to  albumin,  a  kind  of  fat  (palm  oil)  con- 
taining no  stearin  is  taken  with  the  food  (Subbotin).  Other  phenomena  which 
are  cited  to  prove  the  formation  of  fat  from  albuminous  bodies,  &c.,  e.g.  the 
'  fatty  degeneration '  of  organs  rich  in  nitrogen,  cannot  be  regarded  as  givino- 
any  support  to  the  theory,  as  they  simply  show  that  at  one  part  of  the  organism', 
which  is  in  connection  with  every  other  part  by  the  continual  interchange  of 
material,  one  body  is  deposited  instead  of  another,  and  this  cannot,  of  course,  be 
taken  to  prove  that  the  one  is  derived  from  the  other.  In  like  manner,  some 
time  since,  it  was  customary  to  mention  among  the  proofs  of  the  formation  of 
fat  from  albuminous  bodies  the  fact  that  the  crystalline  lens  and  other  nitrogenous 
bodies  destitute  of  fat  when  placed  in  the  abdominal  cavity  of  a  living  mammal 
became  after  some  time  very  fatty,  having  lost  some  of  their  nitrogen.    But  all 
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the  experiments  devised  to  control  this  result,  in  which  indifferent  porous  mate- 
rip-ls,  such  as  wood,  elder-pith,  &c.,  were  substituted  for  the  fatless  nitrogenous 
body,  have  shown  that  these  bodies  also  become  impregnated  with  fat. 

2.  From  carbo-hydrates.  Although  the  transformation  of  carbo-hydrates 
into  fats  would  have  to  be  regarded  as  a  process  of  reduction — unless  indeed  we 
suppose  the  former  to  yield  only  the  glycerin  necessary  for  the  latter — the 
following  circumstances  seem  to  indicate  some  such  operation  :  (o)  Bees  fed  on 
sugar  alone  yield  a  fatty  body,  wax ;  {h)  Food  containing  a  large  quantity  of 
carbo-hydrates  tends  to  fatten  the  body  ('  Fattening,'  see  below) ,  an  accumula- 
tion of  fat  taking  place  immediately,  in  such  cases,  in  the  liver  (Tscherinoff). 
The  last-mentioned  circumstances  admit  of  another  explanation,  viz.  that  the 
oxidation  of  the  easily  combustible  carbo-hydrates  renders  unnecessary  the 
combustion  of  fat  or  fat-forming  bodies  {e.g.  albuminous  bodies)  ;  but  of  this 
more  will  be  said  hereafter.  The  fact  that  fats  are  formed  in  some  fruits 
(olives)  out  of  carbo-hydrates  (mannit)  cannot  be  taken  to  support  the  theory 
that  a  similar  process  occurs  in  animals. 

It  is  now  considered  that  albumin  is  the  only  source  of  the  fat  in  the  body, 
except  that  which  is  derived  from  the  fat  directly  eaten  ;  for  in  all  cases,  even 
in  the  enormous  formation  of  fat  which  takes  place  in  milch-cows,  the  fatty 
and  albuminous  materials  of  the  food  are  sufficient  to  account  for  the  fat  in 
the  milk  yielded.  Moreover,  the  production  of  wax  by  bees  fed  entirely  on 
sugar  is  explicable  by  the  theory  of  its  formation  from  the  albumin  stored  up ; 
and  the  fattening  of  cattle  on  hydro-carbons  is  only  successful  when  albuminous 
food  is  at  the  same  time  taken  (Volt,  Weiske  and  Wildt). 

Meat  can  jield  to  the  body  about  11  per  cent,  of  its  weight  of  fats  (Petten- 
kofer  and  Voit).  The  fat  which  is  derived  from  a  decomposition  of  the  pro- 
teids  (probably  taking  place  in  the  tissues)  is  deposited  in  the  same  situation  as 
that  directly  ingested ;  it  chiefly  makes  its  way  into  the  subcutaneous  areolar 
tissue  (Forsler).  Adipose  tissue,  especially  in  the  mesentery,  is  not,  according 
to  the  results  of  recent  researches  (Toldt,  RoUett),  to  be  looked  upon  merely  as 
connective  tissue,  the  cells  of  which  are  filled  with  fat  (Virchow),  but  as  a 
glandular  organ  with  special  vessels,  and  which  in  man  is  developed  at  an  early 
age  from  connective  tissue. 

[The  view  which  has  been  adopted  by  Professor  Hermann  con- 
cerning the  source  of  fat  of  the  animal  body  is  based  upon  the 
experiments  of  Pettenkofer  and  Voit  ^  and  of  Weiske  and  Wildt.^ 
It  is,  however,  in  disagreement  with  the  results  obtained  in  a 
much  more  extensive  but,  it  appears  to  the  editor,  more  convincing 
set  of  experiments  made  long  ago  by  Messrs.  Lawes  and  Grilbert,'* 
to  which  they  have  of  late  again  drawn  attention.'' 

The  question  is  not  whether  fat  is  formed  or  not  at  the  expense 
of  the  proteids  of  the  food,  but  whether  it  is  ever  formed  at  the 
expense  of  the  carbo-hydrates  contained  in  it.  The  experiments 
of  Professors  Pettenkofer  and  Voit  showed  long  ago  that  when  a 
dog  was  fed  with  starch  and  fat  without  any  proteid,  the  carbon 

1  Pettenkofer  und  Voit :—  .  -i.  -ni  •   v  j 

(1)  'Ueber  die  Zersetzungsvorgange  im  Thierkorper  bei  Futterung  mit  ileischnnd 

Fett.'    Zeitschr.  f.  Biologie.    Vol.  ix.  (1873)  pp.  1 -40.       ^  .  ^..^^  t;.,  •   u  a 

C2)  'Ueber  die  Zersetzungsvorgange  im  Thierkorper  bei  Filtterung  mit  * leisch  nnd 

Kohlehydraten  und  Kohlehydraten  allein.'    Zeitschr.  f.  Biol.   Vol.  ix.  (18<3)  pp.  43o- 

^^''a  Weiske  und  Wildt,  '  Untersuchungcn  Uber  Fettbildung  im  Thierkorper,  ausgefiihrt 
auf  der  Versuchsstation  Proskau.'    Zeitschr.  f.  Biologie.    Vol.  x.  (1874)  p.  1. 

3  J  B  Lawes  and  J.  H.  Gilbert,  'On  the  Composition  of  Foods  m  relation  to  Re.«pira- 
tion  and  the  Feeding  of  Animals.'    Report  of  the  British  Assocatton  for  18!)2. 

4  J.  B.  Lawes  and  J.  H.  Gilbert,  '  On  the  Formation  of  Fat  m  the  Animal  Body. 
Journal  of  Anatomy  and  Physiology.    Vol.  xi.  (1877)  pp.  577-588. 
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stored  up  could  all  be  accounted  for  as  derived  from  the  fat  pre- 
sent in  the  food  plus  that  derived  from  the  transformation  of  the 
proteids  of  the  body.  By  increasing  the  starch  the  amount  of 
carbon  stored  up  was  decreased,  presumably  because  the  starch 
protected  the  proteids  from  oxidation  and  limited  the  formation 
of  fat.  In  the  dog  there  was  no  evidence,  at  any  rate  under  the 
conditions  of  Pettenkofer  and  Voit's  experiments,  that  any  forma- 
tion of  fat  from  starch  or  sugar  ever  took  place. 

In  experiments  made  upon  ruminants,  Messrs.  Lawes  and 
Grilbert  also  found  that  no  data  could  be  obtained,  which  directly 
proved  that  in  them  fat  is  formed  directly  from  starch  or  sugar. 
In  these  animals,  however  fed,  'owing  to  the  comparatively 
small  amount  of  increase  obtained  with  them  from  a  given 
amount  of  constituents  consumed,  the  quantity  of  nitrogenous 
substance  passed  through  the  system  for  the  production  of  a 
given  amount  of  increase  is,  in  most,  if  not  in  all  cases,  so  large 
as,  in  the  absence  of  proof  to  the  contrary,  to  admit  of  the 
assumption  that  the  whole  of  the  fat  formed  had  its  source  in 
transformed  nitrogenous  tissue.  .  At  any  rate,  no  absolute  proof  of 
the  derivation  of  fat  from  the  carbo-hydrates  can  be  obtained 
from  data  of  the  kind  in  question  relating  to  such  animals.' 

The  pig,  however,  as  experience  had  long  taught,  and  as 
Lawes  and  Grilbert  have  shown,  is  an  animal  which  possesses  in 
a  remarkable  manner  the  power  of  utilizing  the  food  which  it 
consumes,  and  in  which  it  can  be  demonstrated  that  fat  is  formed 
at  the  expense  of  the  carbo-hydrates  of  the  food.  In  proportion 
to  a  given  live-weight,  the  pig  consumes  a  very  much  larger 
quantity  of  dry  food  within  a  given  time  than  either  oxen  or 
sheep ;  it  gives  several  times  as  much  increase  in  relation  to  a 
given  live-weight  within  a  given  time,  much  more  increase  in 
relation  to  a  given  quantity  of  dry  food,  and  a  larger  proportion 
of  fat  in  that  increase.  Further,  as  Messrs.  Lawes  and  Grilbert 
state,  the  most  appropriate  fattening  food  of  the  pig  contains  a 
larger  proportion  of  readily  digestible  carbo-hydrates  than  that  of 
ruminants. 

In  the  very  numerous  experiments  of  Lawes  and  Grilbert 
(which  contrast  remarkably  in  this  respect  with  those  of  Wieske 
and  Wildt)  the  food  in  different  experiments  was  varied  as  to  the 
proportion  of  nitrogenous  constituents  to  carbo-hydrates,  and  in 
many  cases  the  animal  was  allowed  to  fix  its  own  diet.  It  was 
conclusively  proved  that  '  when  the  proportion  of  the  nitrogenous 
to  the  non-nitrogenous  substances  in  the  food  was  the  most  appro- 
priate for  fattening,  there  was  a  much  larger  proportion  (about 
40  per  cent.)  of  the  total  produced  fat  which  could  not  possibly 
have  had  its  source  in  the  nitrogenous  substance  consumed.'  Not 
only  did  the  amount  of  increase  in  live-weight  bear  a  relation  to 
the  amount  of  nitrogenous  substance  supplied,  but  the  more 
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excessive  the  supply  of  it  the  greater  was  the  tendency  to  grow 
and  the  less  the  tendency  to  fatten. 

It  is  nearly  certain  that  all  further  experiments  will  confirm 
the  very  extensive  and  thorough  researches  of  Lawes  and  Grilbert, 
and  prove  that  the  fat  of  the  body  is  derived  from  all  the  chief 
groups  of  organic  constituents  of  the  food,  viz.,  from  the  fats, 
from  the  carbo-hydrates,  and  from  the  proteids.] 

The  increased  consumption  of  proteids  which  takes  place  when 
their  supply  is  increased  (Pettenkofer  and  Voit,  contradicted,  how- 
ever by  Speck)  is  associated  with  an  increase  in  the  consumption 
of  oxygen,  the  decomposition  which  occurs  being  one  depending 
upon  oxidation. 

If  the  amount  of  albumin  burned  be  calculated  from  the  amount 
of  nitrogen  excreted,  it  is  found  that  all  the  carbon  does  not  make 
its  way  into  the  excreta,  proving  that  a  substance  richer  in  carbon 
(fat,  glycogen)  is  produced  by  decomposition  and  retained  (Petten- 
kofer and  Voit). 

It  is  disputed  whether  the  decomposition  of  albumin  which 
takes  place  in  consequence  of  an  increased  supply  occurs  at  the 
expense  of  the  newly  ingested  or  of  the  old  and  already  organized 
proteids,  the  consumption  of  which  would  then  be  regulated  in  an 
inconceivable  manner  by  the  supplies  of  new  albumin.  A  direct 
consumption  of  substances  taken  in  excess — which  used  formerly  to 
be  designated  "  luxus  consumption" — might  occur  in  the  blood 
itself  or  in  the  tissues ;  the  second  supposition  appears  the  more 
likely,  as  hitherto  no  processes  of  oxidation  have  been  with  cer- 
tainty determined  to  take  place  in  the  blood  itself ;  according  to 
this  hypothesis  it  would  be  that  part  of  the  '  circulating'  albumin 
which  has  not  yet  been  deposited  in  the  tissues  which  would  be  de- 
composed ;  the  '  albumin  of  organs  '  would,  however,  remain  intact, 
i.e.  would  be  decomposed  during  the  work  of  organs  (Voit).  A  dii-ect 
proof  of  this  is  afforded  by  the  fact  that  transfused  blood,  which 
may  be  looked  upon  as  a  superadded  tissue,  scarcely  increases  the 
amount  of  urea  excreted  in  a  perceptible  manner,  whilst  transfused 
serum  or  blood  ingested  as  food  does  increase  it  (Tschiriew,  Forster). 

Lately,  tlie  profound  decomposition  (into  leucine,  tyrosine,  &c.)  which  the 
proteids  undergo  in  the  intestine  has  been  looked  upon  as  a  '  luxus-consumption  ;' 
many  considerino-  peptones  as  a  part  of  the  ingested  proteids  destined  for  direct 
combustion.  [The  experiments  of  Plosz  and  Maly,  referred  to  on  page  50, 
directly  contradict  this.] 

The  consumption  of  proteids  is,  leaving  aside  the  influence  of  tlie 
supply  of  albumin,  of  fats,  and  carbo-hydrates,  influenced  to  a  certain 
extent  even  by  the  amount  of  the  salts  consumed.  A  moderate  con- 
sumption of  common  salt  has  been  stated  to  exercise  a  moderating 
influence  upon  the  consumption  of  albumin  (Klein  and  Verson,^ 
contradicted  by  Forster'^),  whilst  a  large  consumption  of  common 

'  Klein  u.  Verson,  Sitzungbe.r.  d.  h.  k.  Akadem.  d.  Wissensch.  zu  Wien.    1867,  p.  627. 
2  Forster,  '  Versuche  Uber  die  Bedeutiiiif,'  der  Asche-bestandtlieile  in  der  Nahrung.' 
Zeitschr.  f.  Biol.   Vol.  ix.  (1873),  pp.  2t)7-380. 
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salt  exerts  the  opposite  influence  (Voit).  (Common  salt  appears 
especially  to  exert  a  favourable  influence  in  the  case  of  herbivorous 
animals,  Bunge.^)  Even  the  amount  of  water  ingested  has  an 
influence,  abundant   drinking  increasing  the   amount  of  urea 

excreted  a    result  which  must  be  referred  to  decomposition 

of  albumin,  seeing  that  physical  conditions  could  not  continu- 
ously increase  the  amount  of  urea. 

Whether  the  supply  of  oxygen  influences  the  decomposition  is 
disputed.  The  statement  that  even  the  activity  of  the  respiratory 
movements  influences  the  processes  of  oxidation,  as  measured  by 
the  gaseous  interchanges,  has  been  shown  by  recent  researches  to 
be  incorrect,  as  the  amount  of  oxygen  taken  up  in  apnoea  is  not 
increased  (Pfliiger  with  Finkler  and  Oertmann).  A  continuously 
diminished  supply  of  oxygen,  which  was  formerly  supposed  to 
diminish  decomposition,  or  at  least  to  lead  to  the  excretion  of 
imoxidized  matters  (as  sugar,  &c.),  not  only  does  not  diminish  the 
decomposition  of  albumin  decomposed  (Senator),  but  actually  in- 
creases it  (Frankel),  a  fact  which  has  not  yet  been  fully  elucidated. 

The  degree  of  functional  activity  of  the  organism  has  a  great 
influence  upon  the  magnitude  of  the  exchanges  of  the  body ;  even 
light  increases  them,  doubtless  through  nervous  stimulation 
(Moleschott,  Pfliiger  and  v.  Platen)  ;  in  sleep  they  are  perceptibly 
diminished  (Pettenkofer  and  Voit) ;  but  muscular  work  influences 
them  specially. 

The  temperature  of  the  tissues  bears  a  direct  relation  to  the 
rate  of  decomposition  going  on  within  them  ;  when  cold-blooded 
animals  are  exposed  to  heat,  the  consumption  of  oxygen  and  the 
production  of  carbonic  acid  are  increased  (Moleschott,  Regnault 
and  Reiset,  Pfliiger  and  Schultz).  The  same  result  occurs  even  in 
warm-blooded  animals  if  their  temperature  be  artificially  altered 
(Ludwig  and  Sanders-Ezn,  Erler),  increase  in  the  urea  excreted 
being  also  produced  (Schleich).  Within  the  limits  of  constant 
temperature,  however,  the  opposite,  according  to  some  observers, 
appears  to  be  the  case ;  an  increase  in  the  rate  of  decomposition 
being  brought  about  by  cold  and  a  diminution  by  heat  through  the 
intermediation  of  nervous  apparatus  (Vierordt,  Letellier,  Pfliiger 
and  Colosanti). 

As  a  result  of  tlie  yaxybio  intensity  of  functions,  the  process  of  decomposi- 
tion as  shown  by  the  carbonic  acid  and  urea-excretion,  exhibits  a  diurnal  curve, 
which  is  parallel  to  the  curves  of  temperature,  pulse  and  respiration  :  this  curve 
exhibits  in  general  a  minimum  in  the  night  or  towards  morniug,  and  a  maximum 
in  the  afternoon  or  evening  :  meals  lead  to  superposed  fluctuations. 

In  hibernating  animals  which  may  fast  for  mouths,  both  processes  of  decom- 
position and  bodily  activity  are  lowered  to  a  minimum  (compare  Ohap.  VII.) 
In  frogs  the  respiratory  exchanges  at  1°  0.  well  nigh  approach  zero,  whilst  at 
3G°  they  become  equal  to  those  of  warm-blooded  animals  (Pfliiger). 


1  Bunge,  'Ueber  die  Bcdeutung  dcs  Kochsalzes  und  das  Verhalten  der  Kalisalze  im 
menschlichen  Organismus.'    Zeitschr.  f.  Biol.    Vol.  ix.  (1873),  pp.  104-143. 
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•    PART  II. 
THE  ACTIVITIES  OR  ENERGIES  OF  THE  BODY. 


INTRODUCTION. 

In  the  general  Introduction  to  this  work  it  is  stated  that  the 
animal  body  is  the  seat  of  transformations  of  potential  into 
kinetic  energy. 

It  may  be  stated  generally  that  the  potential  energy  of  the 
body  is  associated  with  two  kinds  of  matter,  widely  separated 
from  one  another,  viz.  atmospheric  oxygen  on  the  one  hand,  and 
the  oxidizable  constituents  of  the  body,  which  enter  it  as  food,  on 
the  other.  Energy-yielding  substances  are,  therefore,  being  con- 
tinuously introduced  into  the  body.  It  has,  further,  already  been 
stated,  that  the  products  of  the  combination  of  the  above-men- 
tioned different  kinds  of  matter,,  i.e.  oxidation-products,  are 
continually  being  thrown  out  of  the  body. 

Similarly,  it  has  now  to  be  stated  that  the  energy  which  has 
become  kinetic  in  the  animal  body  is  continually  being  transferred 
from  it  to  bodies  existing  in  the  medium  outside  and  independent 
of  it.  Just  as,  however,  the  expenditure  of  the  matter  of  the 
body  is  always  a  little  below  its  income  (and  this  difference  is 
necessary  to  the  existence  and  persistence  of  the  body),  so  also 
the  expenditure  of  energy  is  always  below  its  income,  for  the 
organism  always  contains  a  certain  store  of  energy,  part  of  which 
is  potential  in  its  yet  unoxidized  constituents,  part  of  which  is 
kinetic — its  heat. 

The  transformations  of  the  energy  of  the  body  run  side  by 
side  with  the  exchanges  of  its  matter.  As  in  the  preceding 
chapter,  the  gains  and  losses  of  the  matter  of  the  body  have  been 
discussed  and  compared,  the  same  task  must  now  be  undertaken 
in  reference  to  its  energies,  whilst  these  must,  as  far  as  possible, 
be  brought  into  relation  with  the  exchanges  of  matter.  The  scanty 
knowledge  yet  possessed  on  this  subject  merely  permits  of  the  dis- 
cussion of  some  of  its  salient  points. 
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Introduction  of  Potential  Energy  into  the  Body. 

Although  the  potential  energy  which  has  here  to  be  considered 
is  associated,  not  only  with  the  matters  to  be  oxidized,  but  also 
with  oxygen,  we  usually  only  speak  of  the  energy  of  the  alimen- 
tary substances  of  the  food,  whilst  we  tacitly  and  correctly  assume 
the  presence  of  the  quantity  of  oxygen  required  to  oxidize  them. 
The  potential  energy  of  the  oxidizable  (organic)  alimentary  con- 
stituents is  usually  expressed  as  heat,  i.e.  the  total  kinetic  energy 
which  can  be  developed  by  the  oxidation  is  represented  as  heat, 
although,  as  can  be  proved,  forms  of  energy  other  than  heat  arise 
from  them. 

This  simplification  possesses  great  advantages  for  quantitative 
determinations. 

The  determination  of  the  heats  of  combustion  of  the  alimen- 
tary substances  is  easily  effected  by  burning  them  in  a  calorimeter, 
i.e.  a  chamber  surrounded  on  all  sides  by  some  liquid,  generally 
water.  The  temperature  of  the  liquid,  the  amount  of  which 
is  known,  is  determined  before  and  after  the  combustion.  The 
result,  which  is  the  amount  of  heat  produced,  is  expressed 
in  '  units  of  heat '  (see  page  5),  and  furnishes  a  measm-e  of  the 
heat  of  combustion.  The  diflBculties  which  attend  this  experi- 
mental determination  are,  however,  great  in  the  case  of  many  of 
the  alimentary  substances,  so  that  the  heat  of  combustion  of  many 
is  not  accurately  known » 

Although,  in  the  animal  body,  the  combustion  of  the  alimen- 
tary substances  (or  of  the  constituents  of  the  body  which  originate 
from  them)  does  not  take  place  suddenly^as  is  the  case  inartificial 
combustion,  but  gradually,,  yet  the  results  of  calorimetrical  deter- 
minations do  afford'  a  measure  of  the  heat  developed  in  the  slower 
oxidations ;  for  the  sum  of  all  the  heats  developed  in  the  indi- 
vidual successive  oxidations.,  or  decompositions  of  any  other  kind^ 
luhich  a  body  undergoes  before  it  is  completely  burned  (so  as  to 
yield  carbonic  acid,  water,  sulphuric  acid,  &c.)  is  equal  to  the  heat 
tuhich  is  directly  developed  by  perfect  combustion. 

A  method  of  very  simply  determining  the  heats  of  combustion  which  has 
heen  adopted  by  some  scientific  men  is  not  trustworthy,  and  leads  to  false  results. 
They  have,  namely,  attempted  to  calculate  the  heat  of  combustion  of  a  com- 
pound from  the  known  heats  of  combustion  of  its  elements ;  to  do  this  they 
suppose  the  oxygen  which  exists  in  the  compound  itself  to  be  already  combined, 
partly  with  hydrogen  or  carbon  ;  it  appears,  however,  firstly,  that  the  bases  for 
such  a  hypothesis  are  wanting ;  and  secondly,  that  the  other  elements  of  a 
compound  are  bound  together  with  a  certain  amount  of  energy,  so  that  to  sepa- 
rate them  one  from  the  other,  a  portion  of  the  kinetic  energy  developed  in  the 
combustion  _  must  be  consumed:  the  results  obtained  by  such  a  method  must 
therefore  differ  from  the  results  of  direct  experiment  by  an  amount  which 
corresponds  to  the  energy  used  up  in  the  dissociation  process  just  referred  to. 

In  the  case  of  chemical  compounds  of  knoivn  consdiiUion  (and  few  of  the 
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alimentary  substances  can  as  yet  be  classed  under  this  category)  the  heats  of 
combustion  can  be  calculated  according  to  simple  rules.  A  sufficiently  close 
approximation  may  be  obtained  for  1  gramme  of  substance,  by  giving  to  each 
0-C-combination  in  the  molecule,  the  value  a  =  37,000  heat  units : 
siiuUarly  to  ea  h  O-H-combiuation,  the  value  b  =  55,000  heat  units ;  to 
each  C-N-combinatioii,  the  value  c  =  39,000  heat  units ;  and  to  each 
N-H-combination,  the  value  d  =  10,000  heat  units ;  adding  up  all  these 
values  and  dividing  the  sum  total  by  the  molecular  weight  of  the  substance 
(Hermann).    Thus,  e.g.  the  heat  of  combustion  of  glycine  (p.  39) 

=  =  2747  heat  units. 

75 

In  the  case  of  more  accurate  calculations,  other  corrections  have  to  be  introduced 
(Hermann). 

From  experimental  determinations  it  has  been  made  out  that  in  complete 
combustion  1  gramme  of  albumin  generates  4998  heat  units,  1  gramme  of  beef 
(freed  from  fat)  5103  heat  units,  1  gramme  of  beef  fat  9069  heat  units.  When 
oxidized  so  as  to  yield  urea,  albumin  is  calculated  to  furnish  4263,  and  beef 
4368  units  of  heat  (Franldand).  By  calculation  it  is  found  that  1  gramme  of 
stearin  developes  9036,  1  gramme  of  palmatin  8883,  1  gramme  of  olein  8958, 
1  gramme  of  glycerin  4179,  1  gramme  of  leucine  6141,  and  1  gi'amme  of  creatine 
4118  imits  of  heat  (Hermann). 


Origin  of  the  Kinetic  Energy  of  the  Body. 

(The  Energies  of  the  Body.) 

Oxidation  (as  has  already  been  repeatedly  stated)  is  the  process 
which,  far  more  frequently  than  all  others,  leads  to  the  transforma- 
tion of  potential  into  kinetic  energy.  We  cannot,  nevertheless, 
forget  that  oxidation  is  not  the  only  process  associated  with  the 
liberation  of  energy,  but  that  it  is  only  one  of  the  processes, 
though  certainly  by  far  the  most  frequent,  which  prove  the 
general  law  that  in  every  chemical  process,  in  which  stronger 
affinities  are  saturated  than  ivere  saturated  before  its  occun^ence, 
jjotential  energy  becomes  kinetic. 

An  example  of  a  process  not  dependent  upon  oxidation  in  which,  however, 
heat  is  generated,  is  afforded  by  the  alcoholic  fermentation  of  sugar. 

HHHH  HH 
H-C-C-C-i-C-C-H  H-C-C-H      C         C  H-C-C-H 

CeH-uOe  splits  up  into  C^HgO  +  00^  +  CO;,  +  O^HgO. 

As  tTie  above  graphic  formulae  indicate,  carbon  atoms,  which  in  sugar  are 
linked  either  to  carbon  or  hydrogen  atoms,  are,  after  the  decomposition,  Imked 
to  oxygen  atoms.  As,  however,  the  attraction  of  carbon  for  oxygen  is  greater 
than  it  is  for  carbon  or  for  hydrogen,  this  change  in  the  position  of  atoms  must 
be  associated  with  the  liberation  of  energy.  As  these  groups  of  atoms  which 
result  from  such  a  process  of  decomposition  are  bound  together  by  stronger 
affinities  than  those  which  existed  before,  the  new  compounds  are  more  stable ; 
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and  it  may  be  stated  as  a  general  proposition  that  in  operations  attended  by  the  • 
formation  of  chemical  compounds,  or  of  more  stable  compounds  than  existed 
before,  potential  energy  becomes  kinetic.    Under  this  general  law  are  included 
the  ordinary  processes  of  oxidation,  as  well  as  others  which  are  analogous  to  the 
fermentation  of  sugar. 

The  forms  of  energy  in  which  the  kinetic  energy  developed  in 
the  body  from  the  potential  energy  introduced  into  it  may  mani- 
fest itself  are,  so  far  as  we  know,  heat,  electricity,  and  mechanical 
work.  When  the  animal  body  is  in  a  state  of  rest,  viz.  when  all 
kinds  of  work  which  are  not  absolutely  essential  to  the  continuance 
of  life  are  avoided,  it  may  be  stated  that  all  these  forms  of  energy 
are  almost  entirely  transformed  into  a  single  form — heat. 

The  form  which  energy  (see  the  Introduction)  may  assume  is,  as  we  know, 
very  variable ;  heat  is  easily  converted  into  motion  (as  in  the  steam-engine), 
motion  into  heat  (by  friction)  5  both  heat  and  motion  into  electricity  (fi'ictional- 
and  thermo-electricity)  ;  and  electricity  into  heat  (as  evidenced  in  the  heating 
of  wires  along  which  a  ciirrent  of  electricity  is  passing)  and  into  motion  (elec- 
ti"o-magnetism). 

Nevertheless  the  amount  of  kinetic  energy  always  remains  constant,  though 
such  transformations  occur,  for  they  always  proceed  in  definite  proportions 
(equivalents).  The  most  important  of  these  eqiuvalents  is  the  '  Mechanical 
Equivalent  of  Heat,'  i.e.  the  mechanical  work  into  which  a  certain  amount  of 
heat  may  be  converted,  or  conversely  (see  p.  4). 

The  formation  of  heat  goes  on  directly  in  all  organs  of  the 
body  in  which  processes  of  oxidation  occur,  i.e.  in  all,  except  the 
horny,  tissues. 

Electricity.,  so  far  as  we  yet  know,  is  only  developed  in  the 
muscular  and  nervous  systems  (Chapters  VIII.  and  IX.) 

Movements  occur  with  perceptible  rapidity,  1.  in  the  striped 
and  smooth  muscular  fibres ;  2.  in  contractile  cells ;  3.  in  ciliated 
cells ;  4.  in  spermatozoids  ;  whilst  other  movements  take  place 
with  such  slowness  in  all  organic  forms  that  they  cannot  be  per- 
ceived ;  such  occur  during  growth,  in  the  fission  of  cells,  &c. 

_  The  evolution  of  light  (phosphorescence)  has  been  observed  to  occur  in  many 
animals,  sometimes  over  the  whole  surface,  sometimes  in  connection  with  the  in- 
dividual organs,  which  are  internally  associated  with  the  respiratory  apparatus. 
The  phosphorescence  of  decomposing  fish,  of  decomposing  wood,  &c.,  depends 
upon  the  presence  of  minute  organisms,  and  is  connected  with  the  access  of  oxygen 
(Pfliiger). 

The  proof  that,  in  the  body  when  in  a  state  of  rest,  all  forms 
of  energy  are  converted  into  heat,  and  are  in  this  form  transferred 
from  it  to  the  external  world,  rests  upon  the  following  facts : 

1.  Movements  which  occur  in  the  body  when  at  rest  do  not, 
as  such,  exert  any  action  upon  the  medium  outside  of  it,  but  dis- 
appear within  the  body  itself.  This  disappearance  is  brought 
about  chiefly  hj  friction :  thus,  the  whole  of  the  kinetic  energy  of 
a  cardiac  contraction  expended  on  the  mass  of  the  blood  imparts 
to  it  motion ;  in  the  course  of  the  circulation  this  motion,  by  fric- 
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tion  against  the  walls  of  the  blood  vessels,  and  especially  of  the 
capillaries,  ceases  to  exist.  This  same  disappearance  of  motion  is 
observed  in  the  case  of  alimentary  apparatus,  where  it  occurs 
partly  in  consequence  of  friction  against  the  contents  and  against 
the  structures  which  surround  it. 

As  no  other  mode  of  motion  {e.g.  electricity)  is  known  to  result 
from  this  friction,  we  are  led  to  suppose  that,  everywhere,  a  quan- 
tity of  heat  is  generated  which  is  equivalent  to  the  motion,  i.e. 
mechanical  work,  which  disappears. 

2.  Even  the  small  quantities  of  electricity  developed  in  the 
nervous  and  muscular  systems  appear,  in  great  part,  to  be  converted 
into  heat  (Chapter  VIII.) 

Exceptions  which,  judged  of  qnantitativelj^,  are  of  very  small  importance 
must  be  made  to  the  general  statement  previously  enunciated,  that  in  the  hody 
at  rest,  the  only  form  of  kinetic  energy  imparted  to  the  medium  around  it  is 
heat:  thus,  (1)  the  movements  of  respiration,  of  the  heart,  of  the  pulse  may  be 
communicated  to  bodies  outside  the  organism ;  and  (2)  electric  currents  may  be 
conducted  away  from  the  surface  of  the  body  to  suiTounding  objects  by  the 
interposition  of  conducting  media  (Chapter  Vlll.) 

In  the  animal  body  when  at  work  there  originates  an  increased 
quantity  of  kinetic  energy,  in  addition  to  that  which  is  being 
produced  during  rest.  This  energy,  which  is  developed  within  the 
muscles,  takes  the  form  of  heat  and  mechanical  work.  Of  this 
mechanical  work  a  great  part  is  converted,  within  the  organism 
itself,  into  heat  by  the  friction  of  the  muscles  and  tendons  within 
their  sheaths,  and  by  the  movement  of  bones  in  their  articulations. 
The  remainder  of  the  mechanical  work  is  employed,  partly  in 
effecting  the  movement  of  the  various  parts  of  the  body  in  refer- 
ence to  one  another,  partly  in  moving  the  body  as  a  whole  through 
the  medium  which  it  inhabits,  and  partly  in  effecting  the  move- 
ments of  bodies  which  exist  in  that  medium. 

Seeing  that  even  the  last-named  portion  of  the  energy  of  the 
organism  (viz.  that  expended  on  the  bodies  of  the  external  world)  is 
easily  converted  into  heat,  and  may  be  expressed  in  units  of  heat^ 
it  is  evident  that  the  natural  measure  of  the  whole  of  the  energies 
of  the  body  is  the  amount  of  heat  corresponding  to  them. 

One  might,  naturally,  just  as  well  express  the  whole  energy  according  to  its 
mechanical  equivalent,  i.e.  in  units  of  work  instead  of  units  of  heat  (as  kilo- 
grammetres,  foot-poimds,  &c.) 

The  numbers  of  heat  units  which  express  tlie  kinetic  energy  of  the  organism 
are  enormously  gTeat,  amounting  to  several  millions  per  diem.  Some  employ  in 
their  calculations  an  unit  of  heat  which  is  a  thousand  times  greater  than  that 
usually  employed,  defining  the  unit  of  heat  to  be  that  quantity  of  heat  which 
will  raise  one  kilocjrmnme  of  water  from  0°  0.  to  1°  C;  the  mechanical 
equivalent  of  this  unit  is  then  =  424  kilogrammetrea. 
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Expenditure  of  Energy. 

With  the  exception  of  the  small  quantity  of  energy  which  the 
organism  loses  in  its  imperfectly  oxidized  organic  excreta  (urea, 
uric  acid,  milk,  &c.),  all  the  potential  energy  of  its  food  passes  as 
kinetic  energy  to  the  outer  world.  From  what  has  been  previously 
stated,  this  energy  escapes  from  the  body  at  rest  only  in  the  form 
of  heat,  whilst  in  the  case  of  the  body  which  is  doing  external 
work  in  the  form  of  heat  and  mechanical  work.  The  modes  in 
which  heat  is  given  out  to  the  bodies  of  the  outer  world  will  be 
treated  of  in  the  following  chapter;  the  transfer  of  mechanical 
work  needs  no  further  discussion. 

The  direct  measurement  of  this  expenditure  of  energy  (heat) 
is  effected,  in  the  case  of  the  body  at  rest,  by  placing  the  man  or 
the  animal,  exactly  as  a  burning  body,  into  a  calorimetrical 
chamber  adapted  to  the  purpose.  In  the  case  of  the  body  engaged 
in  performing  external  work  an  arrangement  is  provided  within 
the  chamber  which  permits  of  the  work  done  being  measured  ; 
such,  for  example,  as  a  treadmill  which  is  connected  with  a  steam- 
engine,  and  which  the  man  under  observation  ascends  or  descends, 
so  as  to  perform  an  amount  of  work  (either  in  accelerating  or 
retarding  the  movement  of  the  wheel)  which  permits  of  being 
estimated  (Hirn).  From  the  quantity  of  mechanical  work  thus 
estimated  the  equivalent  number  of  units  of  heat  may  be  calcu- 
ated  and  added  to  the  expenditure  of  heat  as  found  by  the  direct 
method. 

(For  the  magnitude  of  the  expenditure  of  heat  and  of  the 
mechanical  work  done,  as  well  as  for  their  relations,  consult  the 
two  following  chapters.) 

Comparison  between  the  Gains  and  Losses  of  Energy. 

The  object  of  attempting  a  comparison  between  the  energy 
which  enters  and  leaves  the  body  is,  firstly,  to  confirm  the  theore- 
tical conceptions  which  we  have  formed,  and  secondly,  to  check  the 
separate  determinations  of  gains  and  losses. 

As  has  been  previously  mentioned,  the  amount  of  energy 
received  into  the  body  can  be  determined  if  we  know  the  amount 
of  the  organic  constituents  of  the  food  and  the  heat  which  they 
develop  on  combustion  ;  and  at  the  same  time  it  has  been  stated 
that  for  only  a  few  of  the  alimentary  substances  has  this  heat  of 
conabustion  been  accurately  determined.  We  must  therefore  rest 
satisfied  with  estimating  the  kinetic  energy  corresponding  in  a 
given  time  to  the  potential  energy  at  the  disposal  of  the  body,  and 
comparing  it  with  the  actual  amount  of  energy  given  out. 

The  former  of  these  data  is  estimated  according  to  the  fol- 
lowing principle:  every  manifestation  of  energy  is  necessarily 
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associated  with  a  corresponding  consumption  of  oxygen,  and  the 
consumption  of  oxygen  is,  if  estimated  for  long  periods  of  time, 
equal  to  the  oxygen  received  into  the  body.  From  the  oxygen 
received  we  might  calculate  the  amount  of  energy  which  becomes 
kinetic,  if  the  whole  of  the  oxygen  were  used  up  in  the  oxidation 
of  one  and  the  same  body,  whose  heat  of  combustion  were  exactly 
known. 

Since  different  compounds  of  unequal  heats  of  combustion  are 
oxidized,  the  knowledge  of  the  amount  of  oxygen  received  cannot 
be  utilized.  But  from  the  oxidation-products  which  are  excreted 
in  a  given  time  we  can,  at  any  rate  approximately,  determine  the 
elements  which  are  oxidized,  as,  for  instance,  the  carbon  from  the 
carbonic  acid,  and  the  hydrogen  from  the  water,  produced  in  the 
course  of  oxidation.  The  amount  of  water  which  is  formed  in 
the  body  can,  however,  scarcely  be  estimated,  and  we  are  therefore 
compelled  to  subtract  the  amount  of  oxygen  which  corresponds  to  the 
carbon  {i.e.  required  to  oxidize  the  carbon  to  form  CO^),  and  assume 
that  all  the  remaining  oxygen  is  employed  in  the  oxidation  of  hydro- 
gen. The  error  doubtless  arising  from  this  dogmatic  assumption  be- 
comes insignificant  when  compared  with  the  much  larger  one,  due 
to  our  determining  the  heat  of  combustion  of  the  carbon  and 
hydrogen  found,  as  equal  to  the  heat  which  is  developed  by  the 
combustion  of  their  organic  combinations. 

As  we  should  expect  from  these  considerations,  such  researches 
(as  those  of  Dulong  and  Despretz)  have  led  to  no  agreement 
between  the  expenditure  of  heat  as  calculated  and  as  directly 
measured. 

An  attempt  has  been  made  to  determine,  in  the  case  of  the 
energy  of  the  body  as  in  that  of  its  matter,  by  what  channels  its 
distrilDution  is  effected.  The  numbers  which  have  been  obtained 
by  calculation,  being  affected  by  numerous  errors,  which  have  in 
part  been  already  mentioned,  need  not  be  quoted  ;  the  results  of 
these  calculations  possess  therefore  only  the  value  which  attaches 
to  an  approximate  estimate.  According  to  Barral's  calculations 
the  expenditure  of  the  energy  of  the  body  is  distributed  as  follows : 
from  1  to  2  per  cent,  is  lost  in  heating  the  excreta  (urine  and 
faeces),  4  to  8  per  cent,  is  lost  as  heat  in  the  respiratory  processes, 
from  20  to  30  per  cent,  is  used  up  in  the  evaporation  of  water ; 
the  greatest  part  (60  to  75  per  cent.)  leaves  the  body  either  as  heat 
conducted  or  radiated  from  its  surface,  or  is  converted  into  external 
mechanical  work.  (Concerning  the  importance  of  this  question 
consult  the  succeeding  section.) 
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Influence  of  the  Conversion  of  Energy  on  the  Exchanges 

of  Matter. 

In  the  preceding  chapter  it  has  been  shortly  stated  that  the 
oxidation-processes  of  the  body  must  necessarily  reach  a  certain 
amount  in  order  that  the  organism  may  continue  to  exist,  and 
that  this  amount  constitutes  the  '  minimum  exchange  of  its 
matter.'  A  closer  investigation  into  the  causes  which  render  this 
minimum  exchange  necessary  reveals  at  once  that  the  necessary 
oxidation-processes  are  required  for  the  supply  of  the  energies  of 
the  body,  viz.  for  the  development  of  heat,  for  the  performance  of 
certain  kinds  of  mechanical  work  (as  for  the  movement  of  the 
heart,  the  movements  of  respiration,  of  the  alimentary  canal,  &c.) 
Occasionally  certain  processes  are  required  for  the  sake  of  their 
products  {e.g.  characteristic  products  of  secretion). 

It  has  already  been  mentioned  that  when  the  chemical  trans- 
formations of  the  body  are  increased  by  diet  in  excess  of  the 
bodily  requirements,  the  activities  of  the  body  are  also  increased. 
The  case  remains  to  be  considered  in  which,  through  an  increased 
activity  of  the  body,  an  increase  of  the  matter  received  by  the 
body  is  necessary.  This  increased  receipt  of  matter  has  been  termed 
by  Grerman  writers  '  Arbeits-Consumption,'  i.e.  the  diet  which  the 
body  requires  to  enable  it  to  do  work. 

We  know  by  experience  that  the  mechanical  work  of  the 
muscles,  which  we  shortly  designate  work,  is  that  act  of  the  body 
associated  with  transformation  of  energy,  which  is  most  frequently, 
and  to  the  greatest  extent,  influenced  by  the  will,  by  reflex  action, 
by  cramps  or  convulsions  due  to  disease,  &c.  An  increase  in  the 
amount  of  this  work  is  associated  with  increased  exchanges  of 
matter,  and  consequently  leads  to  an  increase  in  the  excretions, 
especially  to  an  increased  excretion  of  carbonic  acid,  and  neces- 
sitates, if  the  weight  of  the  body  is  to  remain  constant,  an 
increased  consumption  of  food  ('Arbeits-Consumption');  at  the 
same  time,  the  sensation  which  indicates  the  want  of  food,  viz. 
hunger,  is  increased. 

It  is  yet  disputed  whether,  under  certain  circumstances,  espe- 
cially as  a  consequence  of  losses  of  heat,  an  increased  production 
of  heat  takes  place  in  the  body,  quite  independently  of  muscular 
movements,  but  in  accordance  with  certain  fixed  laws.  On  this 
subject  the  reader  must  consult  the  following  chapter. 

As  will  afterwards  be  stated  in  detail,  the  different  manifesta- 
tions of  energy  in  the  body  are  associated  with  the  consumptian  of 
specific  constituents.  In  order  to  form  a  judgment  as  to  the 
article  of  diet  which  would  best  supply  the  increased  consumption 
due  to  any  given  act,  we  should  require  to  know  the  constituent 
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which  is  principally  consumed  during  that  act.  The  most  direct  way 
to  acquire  this  knowledge  would  appear  to  be  to  study  the  separate 
organs,  as  e.g.  the  muscles,  in  which  the  various  manifestations  of 
energy  are  observed,  and  in  which  the  chemical  changes  proceed. 
As,  however,  this  department  of  physiology  is  yet  but  little  deve- 
loped, we  must  satisfy  ourselves  with  a  study  of  the  changes  in  the 
excretions,  which  correspond  to  increased  evolution  of  kinetic 
energy.  Especially  the  amount  of  urea  has  to  be  studied  as  evi- 
dence of  the  oxidation  of  nitrogenous  bodies,  and  the  amount  of 
carbonic  acid  as  expressing  the  oxidation-processes  of  the  body  in 
general. 

In  consequence  of  doubtful  statements  (especially  one  which 
asserted  that  muscular  activity  increased  the  excretion  of  urea)  the 
view  was,  for  a  long  time,  promulgated  that  only  those  nitrogenous 
constituents  of  the  body  which  enter  into  the  composition  of  the 
tissues  are  made  use  of  in  the  production  of  mechanical  work.  It 
was  supposed  that  no  heat  was  developed  from  these  nitrogenous 
constituents  until  by  processes  of  decomposition  they  had  furnished 
non-nitrogenous  substances.  The  non-nitrogenous  constituents,  on 
the  other  hand,  were  supposed  to  be  simply  employed  in  the  pro- 
duction of  heat. 

Upon  these  hypotheses  was  based  a  classification  of  foods, 
according  to  their  uses.  The  nitrogenous  constituents  were, 
because  of  their  relation  to  the  tissues,  called  '  plastic '  (or  '  flesh- 
formers ');  the  non-nitrogenous,  on  the  other  hand,  were  called 
'  respiratory '  constituents ;  or,  the  former  were  designated  as  the 
sole  generators  of  movements,  '  dynamogenous,'  or  '  kinesogenous,' 
while  the  latter,  as  the  sole  generators  of  heat,  were  spoken  of  as 
'  thermogenous '  (Bischoff  and  Voit).  Since  it  has  been  ascer- 
tained, however,  that  the  excretion  of  urea  is  not  increased  during 
mechanical  work,  this  hypothesis  has  fallen  to  the  ground ;  and  the 
importance  of  the  numerous  considerations  opposed  to  it  is  now  fully 
recognised.  Among  these  the  following  must  be  mentioned  (M. 
Traube)  :  1.  That  even  with  a  food  Avhich  is  very  poor  in  nitrogen 
(vegetable  food)  a  considerable  amount  of  mechanical  work  can  be 
performed  (the  majority  of  beasts  of  burden  are  herbivorous,  and 
bees,  though  fed  merely  on  honey,  are  continually  in  motion).  Such 
facts  as  these  could  only  be  brought  into  harmony  with  the  old 
theory,  by  supposing  that  the  mechanical  work  of  the  body,  even 
when  it  attains  a  high  magnitude,  is  insignificant  in  amount  when 
compared  to  the  heat  formed — a  view  which  has  already  been  com- 
bated. 2.  That  cold-blooded  animals,  and  even  animals  and  men 
inhabiting  hot  zones,  and  whose  heat-production  can  only  be  very 
small,  yet  live,  in  great  part,  on  a  vegetable  diet  containing  but 
little  nitrogen.  3.  That  carnivorous  animals,  in  spite  of  the  small 
quantity  of  non-nitrogenous  food  which  they  consume,  have  suffi- 
cient heat  generated  within  them,  even  when  they  do  not  perform 
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much  mechanical  work.  4.  It  has  lastly  been  directly  ascertained 
that  the  albmninous  bodies  which  are  consumed  in  a  given  time 
(calculated  from  the  amount  of  urea  excreted)  are  not  by  any 
means  capable  of  accounting  for  the  work  done  during  the  same 
time,  even  though  the  heat  of  combustion  of  those  bodies  was  cal- 
culated extravagantly  high  (Fick  and  Wislicenus).  Moreover,  the 
inhabitants  of  mountainous  districts  prefer  to  take  bacon  and 
sugar  as  provisions  when  they  have  arduous  journeys  to  perform. 

"We  cannot,  therefore,  point  to  any  act  accompanied  with  the 
evolution  of  kinetic  energy,  for  which  the  consumption  of  a  parti- 
cular kind  of  food  (nitrogenous  food)  is  absolutely  necessary. 
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CHAPTEE  VII. 

ON  THE  DEVELOPMENT  OF  THE  HEAT  AND  ON  THE  TEMPERATURE 

OF  THE  BODY, 

I.   DEVELOPMENT  OF  HEAT. 

But  little  remains  to  be  said  concerning  the  origin  of  the  heat 
of  the  animal  body.  It  has  been  repeatedly  stated,  that  in  all 
organs  in  which  processes  of  oxidation  occur,  either  the  whole  of 
the  energy  which  becomes  kinetic,  or,  at  least,  a  considerable 
fraction  of  it,  takes  the  form  of  heat.  The  other  forms  of  energy 
(mechanical  work,  electricity)  are  only  generated  in  certain  organs, 
and  then  only  in  addition  to  heat. 

Accordinf?  to  recent  investigations  even  the  lungs  belong  to  the  group  of 
heat-generating  organs  ;  in  the  lungs  the  combination  of  oxygen  with  haemo- 
globin is  a  source  of  heat. 

The  absolute  amount  of  heat  generated  in  the  unit  of  time,  by 
the  unit  of  weight  of  any  organ,  is  as  yet  undetermined ;  it  varies 
greatly,  however,  in  the  case  of  different  organs.  The  glands,  for 
example,  generate  far  more  heat  than  the  parenchymatous  tissiies, 
because  the  oxidation-products  of  the  former  (the  specific  consti- 
tuents of  the  secretion)  are  continually  being  removed  and  replaced 
by  newly  formed  substances.  The  oxidation-products  of  the  latter, 
on  the  other  hand,  i.e.  the  specific  constituents  of  the  parenchy- 
matous juices,  remain  very  long  in  the  place  where  they  originate  ; 
oxidation  is  therefore  far  more  active  in  glands.  Even  in  one  and 
the  same  organ  the  development  of  heat  varies  very  materially  at 
different  times,  and,  as  is  readily  conceivable,  with  the  energy  of 
the  oxidation-processes,  or,  which  is  the  same  thing,  with  the 
amount  of  oxygen  which  is  consumed. 

The  increased  generation  of  heat  dependent  on  the  energy  of 
the  oxidation-processes  is  particularly  remarkable  in  the  case  of 
glands,  the  temperature  of  which  notably  increases  as  the  secretion 
becomes  more  active.  Even  in  muscles  an  increased  development 
of  heat  is  observed  during  activity.  (Consult  the  following 
chapter.) 

No  heat  is  generated  in  the  horny  tissues  of  the  body,  in  which,  it  would 
appear,  no  oxidation-processes  occur.  Whether  heat  is  generated  in  the  blood 
can  only  be  determined  by  answering  the  question  as  to  whether  oxidation  goes 
on  in  that  fluid. 
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In  addition  to  the  direct  sources  of  heat  which  have  just  been 
referred  to,  there  are  also  others  which  have  been  previously 
treated  of.  It  has,  namely,  been  ascertained  that  in  the  body 
when  it  is  at  rest,  other  forms  of  kinetic  energy,  particularly 
mechanical  work,  are  almost  entirely  converted  into  heat.  This 
conversion  into  heat  occurs  partly  through  the  friction  of  the 
actively  moving  organs  (muscles)  against  the  tissues  with  which 
they  are  in  contact,  and  partly  by  the  friction  and  dragging  of 
passive  organs  (tendons,  bones,  blood  in  the  vessels,  &c.)  brought 
about  by  those  which  are  in  active  motion.  Thus,  in  the  body 
which  is  doing  work,  a  great  part  of  the  mechanical  work  iS,  by 
friction,  converted  into  heat. 

Muscular  work  consequently  increases  the  production  of  heat  in  the  body,  in 
a  twofold  manner :  1.  By  increasing  that  production  of  heat  in  muscle  which  is 
connected  with  muscular  activity.  2.  By  the  friction  of  the  muscle  and  of  the 
structures  moved  by  it  against  the  siu-rounding  parts. 

It  is  yet  undecided  whether  the  production  of  heat  in  the 
parenchymatous  tissues  (considered  apart  from  glands  and  muscles) 
is  directly  under  the  control  of  special  nerves.  The  majority  of 
the  changes  in  temperature  which  follow  the  section  or  the  irrita- 
tion of  nerves  can  be  explained  by  the  influence  exerted  upon  the 
distribution  of  heat  through  the  vaso-motor  nerves  (see  below). 
Still,  some  recent  observations  appear  to  point  to  a  direct  influence 
exerted  by  the  nervous  system  upon  the  production  of  heat. 

Under  certain  circumstances,  after  traumatic  lesions  which 
interrupt  the  continuity  of  the  spinal  cord,  or  after  its  division 
(Brodie,'  Billroth,  Quincke),  a  rise  in  the  temperature  of  the  body 
occurs.  Seeing  that  division  of  the  spinal  cord  would  by  its 
influence  on  the  vaso-motor  nerves  cause  a  lowering  of  the  tempe- 
rature, the  rise  which  occurs  under  such  circumstances  has  led  to 
the  supposition  that  certain  fibres  exist  in  the  spinal  cord  which 
have  a  direct  influence  on  the  production  of  heat,  being  capable  of 
inhibiting  it.  The  inhibitory  centre  presiding  over  these  nerves 
would,  according  to  this  theory,  have  to  be  sought  for  in  the  brain 
(Naunyn  and  Quincke^).  In  order  that  rise  in  temperature  may 
occur  after  division  of  the  spinal  cord,  the  counterbalancing  in- 
fluence exerted  by  the  vaso-motor  nerves  must  be  prevented,  by 
hindering  the  external  loss  of  heat.  Some  have  failed  to  observe 
any  rise  of  temperature  as  a  consequence  of  division  of  the  cord 
(Eosenthal). 

Even  when  the  medulla  oblongata  is  separated  from  the  pons 
Varolii,  and  when  both  the  portions  of  the  brain  are  injured,  rises 
in  temperature  occur  (Tscheschich in;  Bruck  and  Griinther;  Schrei- 
ber)  which  cannot  yet  be  adequately  explained. 

1  Brodie,  Physiological  Researches. 

2  Naunvn  u.  Quincke,  Archiv.f.  Anat.  u  Phys.  1869,  pp.  174,  521. 
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II.  TEMPEEATURE  OF  THE  BODY. 

The  different  organs  of  the  animal  body  are  in  relation  with 
one  another,  in  part  by  actual  contact,  and  in  part  through  the 
circulating  blood,  which  acts  as  a  conductor  or  distributor  of  heat. 
Through  its  agency,  the  heat  generated  in  the  different  parts  of 
the  economy  is  distributed  pretty  uniformly  throughout  the  body, 
and  even  to  those  parts  of  it  which  do  not  themselves  generate 
heat.  The  result  of  this  equalisation,  as  well  as  of  the  losses  of 
heat  about  to  be  discussed,  is  an  approximately  constant  tempera- 
ture of  the  whole  body,  which  in  the  human  subject  varies  between 
36°  C.  and  38°  C.  The  temperature  is  nearly  the  same  in  otlier 
mammals ;  it  is  higher  in  birds.  Organisms  which  possess  a  con- 
stant temperature  are  called  warm-blooded  or  homo-thermous. 
In  other  animals  the  energy  of  the  oxidation-processes,  and  con- 
sequently the  heat  generated,  is  so  small  in  amount,  that  there  is 
no  constant  body-temperature,  which  merely  rises  a  few  degrees 
above  that  of  the  surrounding  medium  (air  or  water).  Such 
animals  are  called  cold-blooded,  or,  more  appropriately,  poikilo- 
thermous  (of  variable  temperature). 

Sources  of  Loss  of  Heat. 

The  animal  body,  being  almost  always  surrounded  by  media 
which  are  colder  than  itself,  is  constantly  giving  out  heat  to 
them.  This  loss  of  heat  occurs  in  the  following  manners:  1.  By 
radiation  from  the  free  surface  of  the  body.  2.  By  conduction, 
a.  To  those  bodies  which  are  in  contact  with  the  surface  and  are 
colder  than  the  body,  especially  air  and  clothing,  b.  To  the  bodies 
taken  into  the  organism,  air  and  food,  which  are  colder  than  it. 
The  last-named  loss  of  heat  is  frequently  expressed  by  saying,  that 
the  body  gives  up  heat  with  its  excreta  (expired  air,  sweat,  urine, 
faeces),  which  possess,  in  general,  the  temperature  of  the  body. 
Obviously  these  are  two  ways  of  expressing  the  same  facts,  as- 
suming, as  is  generally  the  case,  that  the  matters  taken  into  and 
excreted  from  the  body  are  equal  in  quantity  and  possess  the  same 
specific  heat.  c.  To  excreta,  especially  sweat,  which  have  to  be 
evaporated,  and  which,  during  evaporation,  remain  in  contact  with 
the  surface  of  the  body  ;  the  heat  thus  given  up  becomes  forthwith 
latent.  It  is  usual  to  express  this  loss  of  heat  as  '  heat  lost  by  the 
evaporation  of  water.' 

As  the  loss  of  heat  takes  place  principally  from  the  surface  of  the  body,  its 
amount  depends  upon  the  extent  of  that  surface  ;  and  it  is  therefore  clear  that 
small  individuals,  the  external  surface  of  whose  body,  as  compared  with  their 
body-weight,  is  more  extensive,  give  up  relatively  more  heat  to  the  medium 
which  surrounds  them  than  do  larger  ones. 
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Many  of  the  losses  of  heat  here  referred  to  are  of  very  variable 
nature  ;  and  their  variability  is  utilized  in  maintaining  the  con- 
stancy of  the  temperature  of  the  body. 

Local  Tem'peratures. 

For  reasons  which  are  easily  intelligible,  the  above-mentioned 
equalisation  between  the  temperatures  of  the  different  parts  of  the 
body  cannot  be  complete,  so  that  certain  differences  in  temperature 
constantly  exist.  These  differences,  which,  without  any  further 
explanation,  may  be  surmised  from  the  relations  of  the  body 
already  alluded  to,  have  by  experiment  been  fully  determined  to 
exist;  they  are  principally  the  following:  1.  The  greater  the 
amount  of  heat  which  any  part  of  the  body  generates,  the  warmer 
it  is  {ccBteris  paribus).  Grlands  are,  therefore,  hottest  during 
secretion,  and  muscles  during  work  (and  during  rigor  mortis ) ; 
the  horny  (epithelial)  tissues  are  the  coldest.  2.  The  greater  the 
amount  of  heat  which  any  organ  must  lose  by  radiation  or  conduc- 
tion, in  consequence  of  its  situation  or  of  other  relations,  the  colder 
it  is.  Hence  the  following  structures  are  the  coolest :  the  skin, 
particularly  when  it  is  covered  with  sweat ;  the  lungs ;  the  first 
portions  of  the  alimentary  canal ;  &c.  3.  Amongst  these  parts  of 
the  body,  those  are  coldest  which  are  most  exposed,  those  warmest 
which  are  most  protected  (e.g.  the  axilla,  the  cavity  of  the  mouth, 
&c.)  As  the  blood  is  the  most  important  agent  in  the  equalisa- 
tion of  the  temperature  of  the  different  parts  of  the  body,  its 
temperature  might  be  taken  as  representing  the  mean  temperature 
of  the  body  ;  as  a  fact,  the  niimbers  which  have  been  givea  at 
page  256  are  deduced  from  observations  of  the  heat  of  the  blood. 
From  the  facts  stated  we  may  further  conclude  :  a.  In  organs 
which  generate  much  heat,  and  whose  temperature  therefore  ex- 
ceeds that  of  the  blood  (glands,  muscles  during  work),  the  venous 
blood  which  flows  out  of  them  is  warmer  than  the  arterial  blood 
which  flows  into  them ;  the  opposite  is  the  case  with  organs  whicli 
produce  little  heat,  or  which  give  up  heat  to  the  external  medium  ; 
thus,  for  example,  the  venous  blood  of  the  skin  is  cooler  than  the 
arterial.  According  to  some  observers  (Colin, ^  Jacobson  and  Bern- 
hardt ^),  the  heat  which  the  blood  in  the  lungs  loses  to  the  nir  is 
more  than  compensated  for  by  the  combination  with  oxygen,  so 
that  the  blood  of  the  pulmonary  veins  and  of  the  left  side  of  the 
heart  is  hotter  than  that  of  the  right  side  of  the  heart.  Accord- 
ing to  others,  however  (Gr.  Liebig,^  Bernard,"*  Heidenhain  and 

Colin,  Anntiles  des  Sciences  Naturellcs.    3rd  serips,  vol.  vii.  (18fi7),  p.  83. 
2  Jaoobson  u.  Bernhardt,  Cen<ra/Wa« /.  rf.  ??ierf.  Wissensch,    1868,  p.  643.  Virchow's 
Arch.    Vol.  li.  p.  ]. 

•>  G.  Linbij,',  Ueber  die  Temperutur-unterschiede  des  venosen  und  arterialleii  Blutes 
GieHsen,  1853. 

Bernard,  Cnmpti's  liendim.    Vol.  xliii.  (Aur.  18,  1856).    Legons  sur  Ics  proprietes 
physinlogiques  des  liquides  de  I'organiame.    Vol.  ii.  p.  03  ef  seq. 
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Korner the  opposite  is  the  case ;  a  fact  to  be  explained,  accord- 
ing to  Korn(^r,  not  by  the  small  losses  of  heat  sustained  in  the 
lungs,  but  by  the  fact  of  the  thin-walled- right  side  of  the  heart 
lying  near  the  warm  abdominal  viscera  in  its  vicinity,  h.  An 
organ  whose  temperature  is  below  that  of  the  blood  becomes 
luarmer  in  proportion  as  the  amount  of  blood  flowing  into  it  in 
the  xmit  of  time  increases.  The  temperature  of  such  organs  (as 
the  skin)  increases  under  the  following  circumstances : — when  the 
blood-pressure  of  the  whole  body  is  raised ;  when  the  activity  of 
the  heart  is  increased  ;  and  particularly  when  the  arteries  sup- 
plying them  are  dilated  (as  when  their  vaso-motor  nerves  are 
divided).  On  the  other  hand,  under  opposite  circumstances,  the 
temperature  falls.  Hence,  redness  of  any  portion  of  the  skin  is, 
as  a  rule,  accompanied  by  heat,  paleness  by  cold. 

Even  the  heat  of  inflamed  parts  merely  depends  upon  a  more 
active  supply  of  blood  to  them,  and  not  upon  an  increased  local 
pi-oduction  of  heat,  as  it  is  constantly  lower  than  the  normal  tem- 
perature of  the  internal  organs  (Hunter,  Jacobson  and  Bernhardt, 
Schneider). 

These  relations  must  always  be  kept  in  mind  in  determinations  of  the  tem- 
perature of  the  bodj^  as  a  whole.  As  it  is  only  in  the  case  of  the  lower  animals 
that  the  temperature  of  the  blood  can  be  directly  determined  by  placing  ther- 
mometers in  the  vessels,  in  man  those  parts  are  chosen  for  observation  of  tem- 
perature which  are  least  exposed  to  loss  of  heat ;  the  thermometer  is  therefore 
placed  in  the  cavity  of  the  mouth,  in  the  rectum,  in  the  vagina,  or  in  the  axilla, 
and  is  allowed  to  remain  there  as  long  as  possible.  It  must  here  be  mentioned 
that  a  high  temperature  of  the  external  zone  of  the  body,  by  increasing  the  loss 
of  heat,  leads  to  a  cooling  of  the  interior.  Conclusions  cannot,  therefore,  be 
safely  drawn  from  determinations  of  the  temperature  of  the  external  zone  as  to 
the  temperature  of  the  interior  of  the  body ;  the  latter  can  be  determined  by 
placing  the  thermometer  deeply  into  the  rectum.  Absolute  determinations  of 
temperature  are  always  made  with  the  (mercurial)  thermometer.  Comparisons 
of  the  temperature  of  two  parts  of  the  body,  or  of  the  temperature  of  the  same 
parts  at  different  times  and  under  different  conditions,  &c.,  are  conducted  either 
witli  the  aid  of  the  thermometer,  or  better  still,  by  thermo-electric  methods 
(Chapter  VIII.) 

Maintenance  of  the  Mean  Temperature  in  Warm-blooded 

Animals. 

The  mean  temperature  which  has  been  stated  to  exist  in  man 
and  warm-blooded  animals  appears  to  be  an  absolutely  necessary 
condition  for  the  most  important  vital  processes. 

This  conclusion  is  arrived  at  by  a  con.sideration  of  the  fact  that 
even  small  deviations  of  the  temperature  of  the  body  beyond  the 
stated  limits  (36°  C.  to  38°  C.)  are  accompanied  by  important 
dangers.  The  numerous  processes  whicli  go  on  in  the  body,  and 
which  are  akin  to  fermentation,  explain  these  dangers  ;  at  a  tem- 
perature of  42-6°  C.  coagulation  within  the  blood  vessels  com- 

1  Heidenhain,  Pflilger's  Archiv.  Vol.  iv.  p.  .558.  Korner,  'Beitr«ge  zur  Teniperatur- 
topographie  des  SUugethierkOrpcrs.'    Inaugural  Dissertation.    Breslnu,  1871. 


REGULATION  OF  TEMPERATURE. 


259 


mences  (Weikart),  and  at  49°  C.  heat-rigor  commences  in  the 
muscles  (Chapter  VIII.) 

Low  vegetable  organisms  can  bear  temperatures  as  high  as  60°  (IToppe- 
Seyler).  Low  temperatures,  even  as  low  as  the  freezing  point  of  water,  may  he 
borne  continuously  by  cold-blooded  animals,  yet  their  tissue-changes  stop  and 
their  activities  also  well  nigh  cease.  Warm-blooded  animals  die  of  cold  as  soon 
as  their  temperature  has  sunk  to  a  certain  extent  (about  19°  C.)  (Before  death, 
however,  the  frequency  of  the  pidse  and  the  movements  of  the  intestines 
diminish,  as  in  hybernating  animals,  enormously,  and  the  central  nervous  organs 
become  incapable  of  performing  many  acts,  e.g.  the  convulsions  of  asphyxia 
cannot  occur  (Horwarth.) 

If  the  process  of  cooling  does  not  reach  this  limit,  the  animal  may,  if  suitably 
warmed,  be  awakened  out  of  the  soporific  condition  (which  corresponds  to 
hybernation).  If  the  temperature  of  the  body  be  not  lowered  more  than  20°- 
18°  0.,  animals  possess  the  power  of  getting  warm  again  spontaneously  as  soon 
as  they  are  removed  from  the  influence  of  cold  and  placed  in  a  medium  tempera- 
ture. Even  below  these  limits,  the  heat  of  the  body  may  be  spontaneously  re- 
stored if  artificial  respiration  be  kept  up  (Walther;  Horwarth  has  brought  back 
to  life  animals  whose  bodies  had  been  cooled  to  5°  0.,  by  simply  exposing  them 
to  heat.) 

Accordingly  the  organism  possesses  numerous  contrivances  for 
maintaining  its  temperature  within  certain  limits. 
The  most  important  of  these  are  the  following : — 
1.  Such  arrangements  as  regulate  the  elimination  of  heat  :• 
a.  The  sensation  of  a  diminished  or  increased  temperature  (sen- 
sation of  cold  or  heat.  Chap.  X.)  leads  man  in  the  first  case  to- 
surround  himself  with  bad  conductors  of  heat  (thick  clothes,  wool, 
silk),  and  in  the  second  with  good  conductors  (thin  clothes,  linen), 
or  even  to  use  extraneous  means  (cold  baths),  to  get  rid  of  some 
of  the  body  heat.    h.  Increased  temperature  increases  the  activity 
of  the  heart  (p.  118)  and  of  respiration  (p.  200)  ;  the  former  leads 
to  an  increased  fulness  of  the  capillaries,  amongst  others  of  those 
of  the  skin,  and  consequently  to  a  rise  in  the  temperature  of  the 
latter  organ,  and  to  an  increased  loss  of  heat  by  conduction  and 
radiation.    Thus,  when  the  heat  of  the  body  increases,  the  skin 
becomes  turgid,  warm,  and  moist ;  when  the  temperature  falls,  on 
the  other  hand,  the  skin  shrinks,  and  becomes  cold  and  dry.  In- 
creased respiratory  activity  augments  the  loss  of  water  from  the 
respiratory  passages.^    The  secretion  of  sweat  is,  moreover,  either 
occasioned  or  increased  in  quantity  by  an  increased  fulness  of  the 
vessels  of  the  skin,  and  the  rapidly  evaporated  sweat  consumes  an 
extraordinary  amount  of  heat.    In  summer,  when  the  surroundino- 
air  is  of  nearly  the  same  temperature  as  the  body,  this  is  almost 
the  only  way  in  which  tbe  heat  of  the  body  is  lost.    c.  Cold  causes 
contraction,  and  heat  causes  dilatation  of  the  small  arteries  (p. 
112),  especially  of  the  skin.    This  must  exert  the  same  regulating 
action  as  the  phenomena  refeiTed  to  under  h.  ^ 
2.  Such  arrangements  as  exert  their  action  in  regulating  the 

1  The  possible  generation  of  licat  in  the  lungs  cannot  be  materiallv  increased  bv 
increased  respiration  without  a  corresponding  increase  in  the  quantity  of  oxygen  used 
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'production  of  lieat :  a.  An  involuntary  and  direct  increase  in  the 
amount  of  heat  produced  on  exposm-e  to  cold,  which  takes  place  in 
a  manner  yet  unknown,  has  been  suspected  to  occur  by  some 
(Hoppe,  Liebermeister,'  Eohrig  and  Zuntz^),  especially  because 
under  the  influence  of  the  cold  bath  the  temperature  of  the  axilla 
at  first  rises,  whilst  the  excretion  of  carbonic  acid  is  increased ; 
others,  however  (Senator,^  Winternitz,  Kiegel''),  suppose  the  first 
phenomenon  to  be  due  to  an  arrested  loss  of  heat  owing  to  the 
contraction  of  the  blood  vessels  of  the  skin,  whilst  the  increase  of 
tissue-chang-e,  evidenced  by  the  increase  in  the  excretion  of  carbonic 
acid,  is  not  a  constant  phenomenon,  and  may  be  replaced  by  a  de- 
crease ;  in  any  case  it  need  not  be  associated  with  an  increased  pro- 
duction of  heat.  h.  A  diminution  of  temperature  (cold)  increases 
the  feeling  of  hunger,  and  increased  consumption  of  food  augments 
the  production  of  heat.  c.  When  the  body  is  exposed  to  cold  the 
need  for  muscular  exertion  is  felt, —  such  as  walking  backwards 
and  forwards,  work — and  this  raises  the  temperature  in  a  twofold 
manner  ;  further,  there  occur  certain  (presumably  reflex)  involun- 
tary muscular  movements  (shivering,  chattering  of  the  teeth), 
both  of  which  actions  can  be  executed  voluntarily  with  the  object 
of  generating  heat. 

Small  individuals,  wliose  losses  of  lieat  are  constantly  greater  than  those  of 
larger  individuals,  eat  more  and  move  more  actively. 

The  efficiency  of  the  regulating  arrangements  in  providing  against  loss  of 
heat,  especially  in  the  case  of  man,  is  hut  small,  so  that  clothing,  fuel,  and  move- 
ments of  the  body  are  the  most  efficacious  protection  which  he  possesses  against 
the  cold. 

Fluctuations  in  the  Mean  Temperature. 

It  yet  remains  to  be  stated  that  fluctuations  of  the  mean  body 
temperature  (blood-heat)  occur  within  the  normal  limits,  i.e., 
within  such  limits  as  not  to  call  into  action  the  regulating  appa- 
ratus of  the  body ;  and  further,  to  point  out  what  relation  these 
fluctuations  bear  to  the  functions  of  the  body  and  the  mode  of 
living.  As  the  heat-producing  processes,  as  a  whole,  yield  carbonic 
acid  nearly  in  proportion  to  the  heat  generated,  the  fluctuations  of 
heat  coincide  very  nearly  with  the  fluctuations  in  the  carbonic  acid 
excreted. 

The  following  circumstances  cause  a  high  temperature  : — mus- 
cular movements  ;  abundant  glandular  secretion,  especially  of  bile 
(hence  the  calorific  value  of  digestion);  great  energy  of  the  whole 
material  exchanges  of  the  body,  as  in  persons  of  the  male  sex,  of 
strong  constitution,  of  adult  age,  &c.;  morbidly  increased  material 
exchanges,  such  as  probably  exist  in  fever  (the  excretion  of  urea 

1  Liebermeister,  '  Untersucliuiiffen  iibcr  die  quantitative  Veriinderungen  der  Wttrme- 
m-odw.tion,'  Archiv.  f.  Anat.  u.  Pfnj.1.    18G0,  Gl,  62.  ,   ,  , 

2  P.iiliriff  u.  Zuntz,  '  Ziir  Thcorie  der  Wiirmeregulation  und  der  Balneotherapie, 
FflVgcr's  Archiv.    1871.  ,  , 

3"  Senator,  Virchow's  Archiv.    Vol.  xlv.  p.  351  ;  vol.  1.  p.  354. 
*  Kiegel,  JJeutsches  Archiv.  f.  Klin.  Med.    1872,  vol.  ix.  Heft  G. 
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is  here  increased,  and  before  the  rise  in  temperature  occurs,  so 
that  the  former  phenomenon  cannot  be  explained  by  the  latter, 
Naunyn  Circumstances  of  an  opposite  nature  to  the  above  often 
cause  low  temperatures,  as  do  also  diseased  conditions,  which  re- 
strain the  consumption  of  oxygen  (such  as  some  diseases  of  the 
lungs,  starvation,  &c.) 

Fm-ther,  a  diurnal  fluctuation  of  the  temperature  of  the  body 
occurs,  independently  of  the  digestive  process,  which  appears  to 
be  due  to  variations  in  the  energy  of  the  oxidation-processes  con- 
nected with  particular  periods  of  the  day. 

Not  only  can  the  mean  temperature  of  the  body  be  affected  in 
a  lasting  manner  by  the  processes  which  generate  heat,  but  like- 
wise by  those  concerned  in  its  dissipation  from  the  body :  thus, 
e.g.,  the  body-temperature  is  very  rnuch  influenced  by  the  state  of 
contraction  of  the  blood  vessels  of  the  skin,  and  therefore  by  the 
state  of  excitation  of  the  vaso-motor  centre  ;  as  the  latter  is  in- 
creased in  fever,  the  high  temperatures  of  fever  may  in  part  be  thus 
explained  (Traube). 

The  heat  of  the  blood  diminishes  when  sensory  nerves  are  irri- 
tated (Mantegazza,  Heidenhain  apparently  through  the  agency 
of  the  medulla  oblongata  ;  for  when  the  medulla  is  excited  directly 
the  same  results  follow.  This  effect  is  due  to  an  acceleration  of 
the  blood  current  and  a  consequently  increased  loss  of  heat  (Hei- 
denhain). 

From  tlie  facts  wliicli  have  been  stated  it  is  easy  to  explain  tlie  increase  of 
temperature  which  follows  irritation  of  the  spinalcord  (Tscheschichin  and  the 
decrease  caused  by  division  of  the  spinal  cord,  as  well  as  by  paralysis  of  the 
vaso-uiotor  nerves  brought  about  by  poisons  (nicotine,  curare).  We  conclude 
that  an  increased  elimination  of  heat  does  talie  place  in  the  latter  circumstances 
from  the  fact  that  when  the  animals  subjected  to  experiment  are  placed  in  a 
warm  medium,  section  of  the  spinal  cord  (according  to  some  authors)  leads  to 
a  rise  in  temperature. 

Hybernating  animals  possess  during  the  period  of  hybernation 
a  very  low  temperature.  In  them  the  production  of  heat,  as  well 
as  the  loss  of  heat,  is  reduced  to  a  minimum,  by  an  extraordinary 
slowing  of  the  circulation. 


APPENDIX. 

Immediately  after  death  a  temporary  rise  of  temperature  'is  frequently  ob- 
served (post-mortem  rise  in  temperature).  According  to  some  this  rise  is  duo 
to  the  formation  of  heat  which  attends  rigor  mortis,  whilst  others  account  for 
it  by  supposing  that  when  the  circulation  ceases,  whilst  the  loss  of  heat  is  very 
materially  delayed,  the  production  of  heat  in  the  different  organs  continues  for 
sometime  after  death  (Heidenhain). 

'  Naunyn,  Archiv.f.  Anat.  u.  Physiol,    1870;  p.  164. 
2  ITcidfinhnin,  PjUiger's  Archiv.  1870. 

2  Tschcschichiu,  Deutsclies  Archie,  f.  Klin.  Med.    1867,  vol.  ii.  p.  .598. 
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CHAPTER  VIII. 

THE  ENERGY  OF  MECHANICAL  WORK  (MOVEMENTS  OF 

THE  BODY). 

The  liberation  of  energy  in  tlie  form  of  motion  is  far  less  frequent 
in  the  animal  body  than  the  formation  of  heat,  and  is  connected 
with  certain  definite  apparatus.  This  apparatus,  wherever  found, 
consists  of  simple  or  metamorphosed  cells,  or  constituents  of 
cells.  The  phenomena  of  motion  have  been  proved  to  occur  in 
the  following-  situations  in  the  human  body:  1.  In  muscular  fibres, 
striated  and  smooth.  2.  "In  lymph-corpuscles  and  the  corpuscles 
resembling  them  (colourless  blood-corpuscles,  connective-tissue 
corpuscles,  mucus-corpuscles,  pus-corpuscles,  &c.)  3.  In  ciliated 
cells.  4.  In  spermatozoa.  5.  In  cells  exhibiting  molecular  moA^e- 
ments.  To  these  must  be  added  the  contractile  masses  of  many 
simple  organisms.  Finally,  the  processes  of  formation,  growth, 
division,  &c.,  may  be  regarded  as  movements.  The  movements 
first  mentioned  differ,  however,  from  those  just  given  by  their 
much  greater  rapidity,  which  renders  their  direct  observation  pos- 
sible ;  whereas  the  processes  of  growth  take  place  so  slowly  as  to 
be  only  recognisable  by  their  effects  after  considerable  intervals. 
The  former,  also,  cause  only  transitory  changes  of  place  and 
form, -after  which  the  parts  set  in  motion  return  approximately 
to  their  previous  condition  ;  while  the  latter  lead  to  permanent 
alterations.  The  latter  are  referred  to  in  the  Fourth  Section  of  the 
work. 

The  above-mentioned  organs,  some  of  wliich  are  entirely,  and  others  in 
part,  contractile,  have,  as  far  as  they  have  been  investigated,  certain  character- 
istics in  common,  apart  from  contractility  itself,  which  point  to  an  essential 
substance,  common  to  all.  This  substance'appears  throughout  the  animal  king- 
dom, and  in  many  vegetable  organisms.  It  was  formerly  termed  'sarcode;' 
but  now  in  general  it  is  called  'protoplasm.'  It  may,  therefore,  be  stated  as  a 
general  law,  that  active  movements  only  occur  where  protoplasm  is  found.  T)ie 
properties  of  protoplasm  will  be  most  fittingly  described  in  connection  with  the 
physiology  of  the  most  important  and  most  thoroughly  investigated  of  the  motor 
apparatuses  of  the  body,  viz.  the  muscles,  which  will  now  bo  considered. 
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1.  THE  MUSCLES. 

Muscles  are  essentially  distinguished  from  almost  all  other 
motor-structures  by  the  fact  that  in  them  motion  only  occurs 
after  the  operation  of  a  discharging  force,  the  existence  of  which 
may  be  demonstrated.  This  discharge  originates,  as  a  rule,  in 
the  nervous  system. 

The  existence  of  automatic  muscular  movements  has  been  recently  main- 
tained (Engelmann  :  see  Smooth  Muscle). 

Two  kinds  of  muscles  are  distinguished,  chiefly  from  the 
arrangement  of  their  histological  eletnents,  viz.  the  striated  and 
the  smooth.  The  physiological  properties  of  both  are,  as  the 
following  consideration  will  show,  essentially  the  same,  although 
many  distinctions  appear  in  the  details. 

A.  Striated  Muscles. 

Transversely  striated  muscles  are  placed  wherever  energetic 
movements  occur.  With  few  exceptions  all  such  movements,  and 
consequently  the  activity  of  all  transversely  striated  muscles,  are 
dependent  upon  the  will.  Striated  muscles  are  therefore  also 
called  voluntary  muscles.  The  heart,  whose  striated  fibres  differ 
in  other  respects  also  from  those  of  ordinary  voluntary  muscle, 
forms  the  chief  of  the  exceptions. 

Striated  muscles  form  for  the  most  part  long  roundish  cords, 
or  sometimes  flat  expansions,  of  a  reddish-brown  colour,  which 
exhibit  a  coarse  longitudinal  fibrillation.  They  are  attached  to 
the  parts  to  be  moved  (bone,  cartilage,  &c.)  either  directly  or 
by  means  of  bundles  of  connective-tissue  (tendons).  They  are 
surrounded  by  strong  sheaths  of  connective-tissue  (fasciae) ;  and 
internally  they  are  divided  up  into  numerous  longitudinal 
bundles  by  septa  of  a  finer  connective  tissue  (perimysia).  A 
piece  of  muscle  may  without  difficulty  be  teased  and  separated 
in  a  longitudinal  direction  into  smaller  and  smaller  bundles  of 
fibres,  until  what  is  called  the  ^'primitive  hundW  is  reached, 
after  which  separation  by  tearing  is  impossible.  This  '  primitive 
bundle'  is  really  no  bundle  at  all,  but  a  tube  filled  with  an 
apparently  fluid  mass — the  proper  muscular  substance.  The 
wall  of  this  tube  (the  muscle-jibre  or  muscle-tube)  consists  of  a 
very  elastic,  completely  closed  membrane — the  sarcolemma. 
The  contents  exhibit  under  the  microscope  fine,  regular,  trans- 
verse atrice,  caused  by  rows  of  little  bodies  possessing  more 
strongly  refractile  properties  than  the  ground-substance.  These 
little  bodies  are  doubly  refractive  (Briicke).  The  distance  be- 
tween the  transverse  striae,  while  .the  muscle  is  at  rest,  is  very 
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legular,  and  differs  little  in  the  various  classes  of  animals 
(0-0020  to  0-0028'"'")  (Hensen).  The  majority  of  the  muscle- 
tubes  run  the  whole  length  of  tlie  muscle,  and  are  attached 
directly  to  the  tendon,  bone,  &c. ;  some,  however,  end  in  pointed 
extremities  in  the  interior  of  the  muscle  (Eollett). 

It  is  concluded  that  the  contents  of  the  muscle-tubes  are  fluid  from  the 
fact  that,  under  certain  circumstances,  Avaves  of  motion  are  seen  travelling 
along  them ;  and  especially  from  the  appearance  here,  as  in  other  fluids,  of 
Porret's  phenomena  (Kiihne),  i.e.  the  flow  of  the  contents  towards  the  nega- 
tive pole  on  the  transmission  of  an  electric  current  through  a  muscle-tube.  One 
observer  (Kiihne)  has,  moreover,  seen  in  a  recently  prepared  specimen  of  frog- 
muscle  an  included  nematode  worm  move  about  evidently  without  encountering 
any  mechanical  resistance.  Under  the  influence  of  various  reagents,  the  contents 
of  the  muscle-tubes  solidify  (as  will  be  described  more  fully  hereafter)  and  fall 
to  pieces  in  various  directions :  a.  in  the  direction  of  the  transverse  striae,  into 
round  thin  plates  ('  discs,'  Bowman)  ;  &.  in  a  longitudinal  dii-ection,  into  fine 
longitudinal  fibres  which  exhibit  slight  varicose  swellings  at  distances  cor- 
responding with  the  intervals  of  strife  in  the  fresh  condition  of  the  muscle, 
constituting,  therefore,  an  indication  of  the  earlier  striated  condition  (muscular 
fibrillse,  Kolliker)  ;  c.  in  both  directions  at  once,  into  small  prismatic  bodies 
which  may  be  regarded  as  due  to  the  breaking  up  of  the  fibrillse  in  a  transverse 
direction,  or  of  the  discs  in  a  longitudinal  direction  ('sarcous  elements,' Bow- 
man; '  muscle- prisms,' Kiihne).  AH  these  structures  formed  by  the  splitting 
up  of  the '  primitive  bimdle'  or  '  muscle-tube  '  have,  at  one  time  or  another, 
been  regarded  as  pre-formed  muscular  elements.  Now  that  a  more  accurate 
knowledge  of  facts  has  rendered  it  possible  to  regard  the  sarcous  elements  of 
living  muscle  (especially  of  the  muscles  of  insects)  as  bodies  suspended  in  the 
fluid  contents  of  the  muscle-tube,  we  must  consider  the  sarcous  bodies  as  pre- 
formed elements,  the  fibrillse  as  a  row  of  those  elements  superimposed,  and  the 
discs  as  made  up  of  a  niunber  placed  side  by  side  in  one  plane.  In  most 
muscles  the  sarcous  elements  have  the  property,  on  coagulating,  of  separating 
in  such  a  manner  as  to  form  fibrillse  ;  and  many  reagents  have  the  power  of 
splitting  muscle-tubes  into  discs.  The  sarcous  elements  exhibit  for  the  most 
part  on  section  from  three  to  five  sides,  and  they  are  so  closely  apposed  that 
tliere  exists  but  a  smaU  space  between  them  for  the  fluid  ground-substance 
(Oohnheim). 

"When  examined  with  polarised  light,  the  sarcous  elements  appear  doubly 
refractive  (and  coloured,  with  crossed  Nichol's  prisms),  while  the  gi-ound-sub- 
stance  refracts  light  simply.  As  they  change  tbeir  form  during  contraction, 
becoming  shorter  and  thicker,  they  cannot  be  regarded  as  simple  doubly- 
refracting  structures,  lilve  crystals,  but  must  be  supposed  to  consist  of  groups  of 
numerous  small  doubly-refracting  elements  Cdisdiaclasts'),  which  are  differently 
arranged  in  sarcous  elements  at  rest  and  in  contraction  (Briicke). 

According  to  more  recent  views  (Krause,  Hensen,  Flogel,  Merkel,  Engel- 
mann,  and  others),  over  the  details  of  which  there  is,  however,  yet  much  dis- 
pute, the  sti-ucture  of  muscular  tissue  is  much  more  complicated  than  that 
which  has  just  been  given.  The  transver.=e  striation  is  the  optical  eflTect  of  the 
alternation  of  light  and  dark  layers ;  in  the  middle  of  the  bright  stiipe  a  fine 
line  is  seen,  which  is  taken  to  indicate  the  existence  of  a  transverse  membrane 
(Krause).  In  the  dark  layrrs  also  a  (bright)  transverse  line  is  described. 
New  schemes  of  construction  have  been  built  upon  these  discoveries,  into 
the  consideration  of  which  we  cannot  enter  here,  as  it  is  very  difficult  to  ex- 
clude the  diff"erentiating  effects  of  post-mortem  coagulation.  Krause's  scheme 
is  the  most  complicaied,  in  which  the  sarcolemma  is  divided  up,  by  means  of 
transverse  and  longitudinal  septa,  into  a  system  of '  mu.'.cle-cells,'  each  of  which 
contains  a  sarcous  element  forming  part  of  the  dark  transverse  line  existmg 
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between  the  two  brighter,  fluid  layers  which  are  in  contact  with  the  transverse 
septa. 

In  addition  to  the  above,  muscle-tubes  contain  the  following  moi-phological 
elements : — 

1.  Nuclei.  These  are  cellular,  with  nucleoli  surrounded  by  a  shapeless  masa 
of  granular  matter  (which  is  regarded  by  some  as  protoplasm) ;  they  lie  in  the 
neighbourhood  of  the  sarcolemma,  but  in  many  animals  they  are  scattered 
regularly  throughout  the  contents  of  the  muscle-tubes. 

2.  Nerve-terminations  (Kiihne).  The  branched  primitive  nerve-fibres  enter 
the  muscle-tubes,  the  neurilemma  becoming  continuous  with  the  sarcolemma  ; 
the  white  substance  of  Scliwann  ceases  immediately  after  entrance,  and  the 
axis  cylinder  passes  into  a  prominence,  or  mass  of  matter,  lying  immediately 
upon  the  transversely  striated  substance  of  the  muscle-tube  and  called  the  ter- 
minal nervous  prominence,  or  prominence  of  Doyere — the  sarcolemma  being 
bulged  outwards  at  that  point.  The  substance  composing  this  prominence  of 
Doyere  is  homogeneous,  finely  granulated  and  provided  with  large  nuclei  in 
which  lies  a  forked  expansion  (terminal  plate),  the  proper  termination  of  the 
axis-cylinder.  For  every  nerve-fibre  which  enters  a  muscle  there  are,  in  the 
muscles  of  the  eye,  one  to  ten  muscular  fibres,  and  in  other  muscles  far  more,  as 
many  as  twenty  to  eighty  (Tergast). 

Muscles  have,  in  addition  to  muscle-tubes  and  the  septal  system  of  the 
perimysium,  an  abmidant  supply  of  connective-tissue  connected  with  the  latter, 
as  well  as  blood  and  lymph  vessels,  and  a  network  of  nerves.  Amongst  the 
latter  the  sensory  fibres  are  distinguished  by  their  tree-like  branching  and  the 
way  in  which  they  encii'cle  the  muscular  fibres  (Sachs). 

The  Chemical  Constituents  of  Muscle. 

The  reaction  of  fresh  muscle  in  a  state  of  repose  is  neutral, 
or,  owing  to  its  being  moistened  with  alkaline  juices  (lymph), 
slightly  alkaline  (Du  Bois-Eeymond). 

As  muscle  is  chemically  a  very  unstable  substance,  the 
determination  of  certain  of  its  constituents  requires  special  pre- 
cautions, and  is  not  yet  complete.  Such  are,  in  particular,  the 
albuminous  constituents.  The  contents  of  the  muscle  tubes 
may  be  obtained  as  pure  as  it  is  possible  to  obtain  them  by  the 
following  methods  (Kiihne :  1.  By  expressing  the  juice  from 
the  muscles  of  cold-blooded  animals  after  first  removing  the 
blood  by  washing  out  the  vessels  with  some  indifferent  fluid 
(•5  to  1  per  cent,  solution  of  NaCl).  2.  By  freezing  bloodless 
muscles,  separating  them  into  small  fragments  by  means  of 
cooled  instruments,  and  allowing  them  to  filter  at  a  temperature 
slightly  above  0°  C,  the  latter  operation  being  assisted  by  the 
previous  addition  of  cooled  NaCl  solution.  The  '  muscle-plasma' 
so  obtained  is  a  turbid,  neutral,  or  slightly  alkaline  fluid.  It  under- 
goes change  more  or  less  rapidly  according  as  the  temperature 
is  higher  or  lower.  It  coagulates,  firstly  forming  a  homogeneous 
gelatinous  mass,  coagulation  being  recognisable  only  by  the  fact  that 
the  plasma  becomes  tougher  and  cannot  be  poured  from  the  con- 
taining vessel ;  but  afterwards  the  coaguhim  contracts  into  flocculi, 
in_  the  course  of  which  it  becomes  very  turbid  and  liberates  an 
acid  fluid,  '  muscle-serum.' 

^  KUhne,  Das  Protoplasma,    Leipzig,  1864. 
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The  body  thus  separated  in  tlie  process  of  coagulation  is  an 
albuminous  body,  myosin.  It  is  soluble  in  concentrated  NaCl- 
solution,  and  is  precipitable  from  such  solutions  by  the  addition 
of  more  water  or  more  salt.  Dilute  acids  also  easily  dissolve 
myosin,  and,  in  doing  so,  convert  it  into  syntonin. 

Spontaneous  separation  of  myosin  takes  place  most  rapidly, 
indeed  instantaneously,  at  a  temperatiu-e  of  40°  C.  for  cold- 
blooded animals,  and  of  48°-50°  C.  for  warm-blooded  animals. 
It  may  also  be  induced  at  once  by  means  of  distilled  water  and 
acids. 

The  muscle-serum  contains  the  remainder  of  the  constituents, 
viz.:  1.  A  number  of  albuminous  -bodies  which  coagulate  at 
various  temperatures  from  45°  to  70°  C,  that  coagulating  at  about 
60°  or  70°  being  ordinary  albumin.  2.  Various  carbo-hydrates  : 
viz.  (a)  glycogen  (Nasse),  which  is  present  in  especially  lar^e 
quantities  in  embryos  and  young  animals  (Mac-Donnell) ;  (6)  the 
products  of  the  decomposition  of  glycogen— dextrin  (Limpricht), 
and  grape-sugar  (Meissner),  which  are  said  by  Nasse  only  to 
appear  post  mortem',  (c)  inosit,  in  large  amount.  3.  Lecithin 
in  all  probability,  on  account  of  the  presence  in  muscles  of  the 
terminations  of  nerves ;  this  has  not,  however,  been  directly 
proved.  4.  P'ats  in  small  amount.  5.  P'ree  acids,  especially 
sarcolactic  acid,  in  addition  to  certain  volatile  fatty  acids — 
formic,  acetic.  6.  Various  amides  :  viz.,  creatine  (and,  accord- 
ing to  some,  creatinine  also,  though  others  incline  to  the  belief 
that  the  latter  is  derived  directly  from  the  former),  carnine, 
hypoxanthine  (sarcine),  xanthine,  inosinic  acid,  and  sometimes 
uric  acid,  though  this  is  doubtful.  7.  A  red  colouring  matter, — 
in  most  muscles  haemoglobin  (Kiiline).  8.  Salts,  especially  salts 
of  potassium.    9.  Water.    10.  Gases,  chiefly  carbonic  acid. 

The  above-named  constituents  are  found  in  the  contents  of 
muscle-tubes  which  have  already  undergone  coagulation.  As  the 
latter  process,  as  well  as  contraction  (see  below),  is  connected 
with  certain  chemical  changes  in  the  muscle  which  are  as  yet 
imperfectly  understood ;  and  as  the  investigation  of  un coagulated 
muscle  or  muscle-plasma  cannot  be  carried  on  without  the  occur- 
rence of  tliis  process,  the  substances  just  mentioned  are  not  to  be 
regarded  as  the  constituents  of  unaltered  living  muscle.  All  that 
has  been  discovered  or  sm-mised  with  respect  to  them  will  be 
stated  in  the  proper  place. 

In  muscle  as  a  whole  there  are  found,  in  addition,  the  constituents  of  the 
other  bodies  which  help  to  Tuake  up  the  structure  (connective-tissue,  vessels, 
blood,  nerves,  &c.)  Gelatigenous  substance,  elastin,  &c.,  must,  therefore,  be 
added  to  the  above  list.  The  sarcolemma  appears  to  consist  of  an  elastic  substance. 

The  quantitative  composition  of  coagulated  beef-muscle  is  as  follows  (Leh- 
mann)  :  in  100  parts — water,  70-80 ;  solids,  26-20 ;  insoluble  albuminous 
bodies  (among  them  myosin,  the  sarcolemma,  &c.),  15-4-177;  soluble  albu- 
minous bodies,  and  alkaline  albuminate  of  potassium,  2-2-3*0 ;  gelatin,  0-6-1  "9 ; 
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creatine,  O-07-O'l  4;  fat,  1-5-2-3  ;  lactic  acid,  1-5-2-3 ;  pbosphoric  acid,  0-66-0-7; 
potassium,  0-5-0-54;  the  remainder  of  the  ash,  0-17-O-26.  Carmme  has 
hitherto  only  been  found  in  the  extract  of  beef  (1  p.c.  in  LieLig's  extract, 
Weidel). 

Conditions  of  Muscle. 

The  usxml  condition  of  living  muscle  is  one  of  rest;  the 
processes  taking  place  in  muscle  in  such  a  state  are  imperceptible 
except  by  the  aid  of  delicate  instruments.  Out  of  this  state  of 
rest  muscle  may  pass,  under  certain  conditions,  into  other  states : 
1.  Into  the  state  of  Contraction.    2.  Into  the  state  of  Eigor. 


Muscular  Contraction. 

Mechanical  Properties  of  Muscle  in  a  State  of  Rest. 

For  the  sake  of  simplicity  we  shall  regard  all  muscles  here  as 
spindle-shaped,  and  extended  in  the  direction  of  their  length — 
a  form  which  the  majority  of  muscles  have  in  fact.  A  muscle  is 
a  structure  of  slight  but  very  perfect  elasticity,  i.e.  it  is  very 
extensile,  slight  weights  producing  a  considerable  elongation ; 
but  it  has  the  power  of  returning,  immediately  on  the  removal 
of  the  extending  force,  to  its  original  length.  During  elonga- 
tion there  is,  of  course,  a  diminution  in  thickness,  but  the  volume 
remains  about  the  same  (it  is  said  to  be  slightly  diminished — 
Schmulewitsch).  Unlike  inorganic  bodies,  and  resembling  in  this 
respect  all  other  organic  structures,  muscle  does  not  elongate  pro- 
portionately to  the  extending  force ;  but  equal  increments  of 
extending  force  produce  a  less  amount  of  elongation  the  greater 
the  degree  of  tension  of  the  muscle  at  the  time  (Ed.  Weber). 
The  curve  of  extension  got  by  taking  the  weights  as  abscissse  and 
the  degree  to  which  they  extend  the  muscle  as  ordinates  is,  there- 
fore, not  a  straight  line  as  in  the  case  of  inorganic  bodies,  but 
approaches  an  hyperbola  (Wertheim).  In  the  living  body  the 
muscles  are  constantly  stretched  a  little  beyond  their  natural 
length,  as  is  shown  by  their  retraction  from  their  point  of  attach  - 
mentwhen  the  fibres  are  cut  across.  The  value  of  this  lies  in  the 
fact  that,  on  contraction,  the  points  of  attachment  and  insertion 
are  approximated  immediately  without  any  loss  of  time  or  energy 
in  gathering  up,  or  rendering  taut,  the  relaxed  muscle.  In 
muscles  separated  from  their  attachments  the  muscle-tubes  are 
not  usually  found  extended  in  straight  lines,  but  in  curves  and 
zigzags. 

Liberation  of  Muscular  Contraction. 

The  influences  which  lead  to  the  contraction  of  muscles  are 
called  stimuli ;  the  action  which  they  exert,  stimulation  or  exci- 
tation ;  and  the  capability  of  being  acted  upon  by  stimuli,  which 
characterises  muscle,  its  irritability  [the  special  form  of  irrita- 
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bility  possessed  by  muscle  being  distinguished  as  contractility']. 
Inasmuch  as  the  stimuli  induce  the  conversion  of  potential  into 
kinetic  energy,  they  have  the  relationship  to  the  latter  of  libera- 
ting forces,  and  we  may,  therefore,  speak  of  the  liberation  of 
muscular  activity  by  means  of  stimuli.  The  normal  stimulus  for 
muscle  proceeds  from  the  motor  nerves  which  are  scattered 
througliout  its  substance ;  its  nature  is  little  imderstood,  and  will 
be  discussed  in  the  next  chapter.  There  are,  however,  numerous 
other  muscular  stimuli,  some  of  which  are  the  result  of  morbid 
conditions,  while  others  may  be  employed  artificially. 

For  a  long  time  it  was  thought  that  muscles  were  incapable  of  direct  stimu- 
lation, i.e.  that  all  stimuli  applied  directly  aqd  with  effect  to  muscle  only  act 
upon  the  muscles  through  the  nerve-terminations  contained  in  them.  The  fol- 
lowing circumstances  have,  however,  decided  the  matter  in  favour  of  the  inde- 
pendent irritability  of  muscle.  1.  Portions  of  muscle  containing  no  nerve- 
endings,  e.g.  the  extremity  of  the  sartorius  of  the  frog,  are  capable  of  excitation 
by  the  direct  application  of  stimuli  (Kiihne).  2.  Certain  chemical  stimuli  are 
incapable  of  exciting  nerves  (Kiihne)  ;  while,  on  the  contrary,  certain  electrical 
stimuli  which  act  upon  nerves  have  no  effect  upon  muscle  itself  (Briicke  : 
Chapter  IX.)  3.  Substances  which  have  the  property  of  rendering  nerves,  and 
especially  intramuscular  nerve-endings,  inactive,  do  not  deprive  muscle  of  its 
capability  of  direct  stimulation  {e.g.  the  Indian  arrow-poison — curare,  KoUiker). 
Moreover,  other  influences  {e.g.  excessive  cold,  interruption  of  blood-current) 
induce  a  transitory  state  in  which  intramuscular  nerve-terminations  are  paralysed, 
while  the  possibility  of  direct  excitation  remains  to  the  muscles.  4.  In  certain 
conditions  (exhaustion  of  muscle)  local  irritation  induces  contraction  only  in  the 
immediate  neighbourhood  of  the  point  of  application  of  the  stimulus,  without 
respect  to  the  distribution  of  the  nerves  near  the  spot  (Schiff,  Kiihne).  5.  The 
lower  contractile  organisms,  which  agree  in  the  nature  of  their  essential  sub- 
stance with  muscle,  are  quite  destitute  of  nerves.  6.  It  is,  moreover,  said  that 
automatic  movements  occur  in  the  muscles  of  the  more  highly  organised 
animals.    (Consult  the  section  on  Smooth  Muscles). 

The  muscular  stimuli  with  which  we  are  already  acquninted 
are  :  1.  The  normal  nervous  stimulus,  which  proceeds  to  the 
muscle  either  from  the  central  nervous  organ  in  the  production  of 
voluntary,  automatic,  or  reflex  movements,  or  from  some  point  in 
the  course  of  the  nerve  supplying  the  muscle,  at  which  irritation 
has  been  applied.  2.  Electrical  stimuli,  which  will  be  more 
fittingly  discussed  in  the  chapter  on  Nerves  (Chapter  IX.),  as 
their  laws  of  action  upon  muscle  and  nerve  are  similar.  3.  Chemi- 
cal stimuli,  among  which  must  be  regarded  in  general  all  those 
substances  which  rapidly  induce  changes  in  the  chemical  constitu- 
tion of  the  contents  of  the  muscle-tubes.  At  the  point  of  applica- 
tion they  cause  rigor  as  well  as  contraction.  The  majority  of 
them  act  even  when  in  a  very  diluted  condition ;  especially  is  this 
the  case  (Kiihne)  with  mineral  acids  (HCl  in  solutions  of  0-1  per 
cent.),  solutions  of  metallic  salts,  lactic  acid,  diluted  glycerin,  and 
ammonia  even  when  present  in  traces  in  the  atmosphere.  To  the 
list  of  chemical  stimuli  belongs  also  distilled  water,  especially 
when  injected  into  the  vessels  of  muscles.  The  greater  number  of 
these  substances  have  no  stimulating  action  upon  the  nerves  {e.g. 
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ammonia),  or  only  when  very  concentrated.  4.  Thermal  stimuli, 
i.e.  temperatures  above  40°  C,  strongly  heated  bodies  inducing 
contractions  very  readily  on  coming  into  contact  with  muscle. 
5.  Mechanical  stimuli,  i.e.  some  sudden  and  marked  change  of 
form  occurring  at  any  point,  induced,  for  example,  by  pressure, 
torsion,  tearing,  extension,  &c.  The  method  of  operation  of  these 
stimuli  is  as  yet  qidte  unknown. 

The  same  intensity  of  stimulus  does  not  always  produce  in  the 
same  muscle  the  same  effects — it  may  liberate  at  different  times 
dissimilar  quantities  of  energy  ;  that  is  to  say,  the  irritability  of  a 
muscle  is  not  always  constant.    It  depends,  as  far  as  has  yet  been 
discovered,  upon  the  following  circumstances  :  1.  It  is  greatest  in 
any  organism  under  a  certain  medium  temperature,  and  diminishes 
as  the  temperature  rises  or  falls  above  that  mean.    2.  It  is  dimi- 
nished for  a  time  by  previous  activity  :  this  diminution  is  called 
'exhaustion^  of  the  muscle,  and  it  may  owe  its  Origin  to  the  fol- 
lowing circumstances:  (a.)  The  accumulation  in  the  muscle  of 
certain  products  which  are  formed  in  quantity  while  the  muscle  is 
acting,  and  whicli  are  probably  not   absorbed  with  sufficient 
rapidity.    These  must  be  supposed  to  have  some  prejudicial  influ- 
ence upon  activity — a  supposition  which  has  recently  been  con- 
firmed (J.  Eanke).    The  products  are  carbonic  acid  and  the  acid 
of  the  muscle,  whether  it  be  a  free  acid  or  form  part  of  an  acid 
salt.    (6.)  The  deficiency  of  the  special  constituents  upon  the  con- 
sumption of  which  muscular  activity  depends,  and  which  cannot 
be  remedied  quickly  enough  during  the  active  condition.    In  all 
probability  both  causes  are  concerned  in  the  production  of  ex- 
haustion.   3.  In  muscles  which  are  removed  from  the  body,  or 
which  are  deprived  of  oxygen  by  ligaturing  their  arteries  (Stenson), 
as  well  as  in  those  of  the  dead  body,  irritability  diminishes  after 
a  slight  period  of  exaltation,  but  more  quickly  in  warm  than 
in  cold-blooded  animals.    The  diminution  in  irritability  occurs 
jpaH  passu  with  the  development  of  rigor,  is  accelerated  by  the 
same  circumstances,  and  has  entirely  disappeared  by  the  time 
that  rigor  is  complete.    4.  All  influences  which  essentially  modify 
the  normal  composition  of  muscle-substance  in  the  living  body 
diminish  and  tend  to  destroy  irritability.    5.  If  irritability  has 
been  much  diminished  by  any  of  the  above  means  except  the  last, 
and  rigor  has  not  yet  occurred,  it  may  in  a  certain  sense  be  reco- 
vered by  passing  for  a  long  time  a  strong  and  constant  galvanic 
current  through  the  muscle  in  the  direction  of  its  length  (Heiden- 
hain),  the  probable  explanation  of  which  will  be  given  in  Chapter 
IX.  when  speaking  of  the  modifications  of  nervous  irritability. 
6.  Another  means  of  - restoring  irritability  when  it  has  been  dimi- 
nished by  ligaturing  the  arteries  supplying  a  muscle,  is  by  renew- 
ing the  circulation,  which,  however,  only  operates  so  long  as  rigor 
is  incomplete. 
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As  the  majority  of  solutions,  and  even  distilled  water,  have  a  stiraulatin<? 
and  destructive  action  upon  muscle,  there  are  but  few  indifferent  liquids  in 
-which  it  undergoes  no  change.  Such  are  dilute  solutions  of  NaOl  (0-0  per  cent, 
bc'ing  the  most  favourable,  0.  Nasse),  or  of  other  sodium  salts,  the  per-centage 
strength  wliich  is  most  favourable  being  determined  by  the  molecular  weight  of 
the  salt  (Nasse).  Less  favourable  than  these, but  less  destructive  than  distilled 
water,  are  solutions  of  boracic  acid  (1-5-2  per  cent.),  and  of  arsenious  acid 
(Briicke). 

Tke  Phenomena  of  Muscular  Contraction. 

Muscular  contraction  consists  in  a  shortening  of  the  muscle  in 
its  longitudinal  axis,  i.e.  in  the  axis  of  its  fibres,  and  of  a  simul- 
taneous transverse  thickening ;  this  change  of  form  takes  place 
-with  so  much  energy  as  to  be  able  to  overcome  considerable  resist- 
ances which  are  opposed  to  it.  Such  resistances  are  nearly  always 
opposed  to  the  shortening,  and  consist  of  forces  which  draw  away 
from  one  another  the  two  ends  of  the  muscle ;  the  most  common 
case,  to  which  all  others  may  be  referred,  is  that  in  which  a  load 
hangs  from  the  muscle  which  is  supposed  to  be  suspended.  By 
the  shortening  of  the  muscle  the  load  is  lifted,  and  the  mechanical 
work  performed  in  the  act  is  expressed  by  the  product  of  the  load 
into  the  height  to  which  it  is  lifted  [and  which  will  be  shortly 
designated  '  the  lifV~\. 

The  fibres  which  in  relaxed  muscle  are  often  bent  in  zig-zags  become 
stretched  in  the  process  of  contraction  (Weber).  The  transverse  since  become 
approximated.  Besides  being  perceived  by  direct  observation,  this  approximation 
reveals  it-'eU"  by  the  fact  that  the  diffraction-spectrum,  which  muscle  exhibits, 
like  a  Nohert's  plate,  when  light  passes  through  it,  becomes  broader  during 
contraction  (Ranvier).  According  to  the  various  views  of  the  structure  of 
muscle,  the  statements  concerning  the  arrangement  of  the  muscular  elements 
during  contraction  differ  ;  whilst  nearly  all  observers  agree  in  stating  that  the 
anisotropic  parts  are  approximated  in  the  direction  of  the  axis,  there  is  a  dispute 
as  to  whether  they  themselves  become  shorter  and  thicker. 

The  diminution  in  length  and  increase  in  thickness  of  a  muscle 
on  contracting  are  connected  with  a  diminution  in  volume — a 
species  of  condensation.  This  may  be  proved  by  suspending  a 
muscle  in  a  vessel,  provided  with  a  narrow,  upright  tube  pro- 
truding through  the  cork,  the  whole  of  which  is  accurately  filled 
with  a  fluid.  When  the  muscle  is  stimulated  to  contraction  the 
fluid  sinks  in  the  narrow  tube  (Erman,  Valentin). 

Muscle  when  contracted  is  also  less  elastic,  and  therefore  more 
extensible,  than  when  at  rest  (Ed.  Weber  '). 

After  each  simple  stimulation  directly  applied,  a  single  and 
rapid  alteration  in  form  occurs  in  the  muscle,  and  is  called  a 
simple  muscular  contraction,  or  more  shortly  a  cont motion  [a 
twitch  (Burdon  Sanderson)].  The  diminution  in  length  does  not 
take  place  immediately  on  the  application  of  the  stimulus,  but  is 
postponed  for  the  space  of  about  y^pth  of  a  second,  during  which 

1  Weber,  art. '  Muskelbewegung,'  Wapner's  Handwdrterbiuh  d.  Phys.    Vol.  iii.  p.  54. 
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time  the  muscle  is,  to  all  appearance,  still  at  rest :  this  is  called 
the  ^penod  of  latent  stimulation^  (Helmholtz),  or  the  '•  latent 
period '  of  muscular  contraction.  At  the  end  of  that  time  active 
contraction  commences,  at  iirst  with  increasing,  but  afterwards  with 
diminishing  rapidity,  and  continues  until  a  maximum  is  attained. 
The  contracting  forces  tlien  cease  gradually  to  act  upon  the  muscle, 
which  is  thereupon  extended  by  means  of  the  attached  weight,  at 
first  quickly,  but  afterwards  more  slowly,  to  its  previous  length. 
If  the  muscle  is  not  acted  on  by  any  weight,  not  even  its  own  (as, 
for  example,  when  it  rests  upon  a  surface  of  mercury),  it  retains 
approximately  the  form  it  had  at  the  instant  of  maximum  contrac- 
tion (Kiihne) ;  and,  if  the  weight  is  but  slight,  it  does  not  com- 
pletely attain  its  original  length  (Hermann).  If  we  imagine  the 
upper  extremity  of  a  vertically  suspended  muscle  to  be  fixed,  and 
an  upright  plate  to  travel  quickly  and  regularly  in  a  horizontal 
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DIAGBAM  OF  A  CUliVE  OP  A  '  SIMPLE  MDSCULAU  CONTRACTION.' 

(To  be  used  from  left  to  right.) 

direction  in  front  of  the  lower,  a  curve  would  be  described  upon 
the  plate  during  the  contraction  of  the  muscle,  the  abscissae  of 
which  would  represent  the  times,  and  the  ordinates  the  deo'ree  of 
contraction.  Such  a  curve  presents  the  following  points  of  in- 
terest :  From  the  instant  of  stimulation  it  runs  at  first  for  some 
distance  upon  the  abscissa-line  (latent  period — period  of  latent 
stimulation);  it  then  rises,  being  at  first  convex,  but  afterwards 
concave  towards  the  abscissa-line,  until  it  reaches  a  maximum 
after  which,  if  the  weight  have  been  sufficiently  large,  it  gradually 
falls  again  to  the  abscissa-line  (Helmholtz). 

[Above  is  shown  diagrammatically  the  curve  of  a  simple  mus- 
cular contraction  as  traced  by  a  lever  connected  with  a  muscle  on  a 
blackened  cylinder  revolving  with  considerable  velocity.   The  upper 
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line  is  supposed  to  be  traced  by  the  point  of  a  lever  connected  with 
the  muscle.  The  middle  line  is  traced  by  a  lever  which  marked 
the  moment  of  stimulation  of  the  muscle.  The  lowest  sinuous  line 
is  traced  by  a  tongue  of  metal  attached  to  a  tuning-fork  vibrating 
100  times  per  second.  The  moment  of  the  stimulation  is  shown 
by  the  depression  in  the  middle  line,  at  the  point  where  the  first 
vertical  line  cuts  it ;  the  rise  of  the  upper  line  is  seen  to  have 
occurred  a  short  time  after  stimulation  ;  this  interval — the  '  latent 
period ' — is  seen,  by  referring  to  the  tracing  of  the  tuning-fork,  to 
have  been  about  one  and  a  half  hundredth  of  a  second.] 

The  time  occupied  in  the  evolution  of  energy  in  a  miiscle  after  stimulation 
may  be  discovered  in  two  ways  (Helmholtz) 

1.  A  muscle  to  which  a  slight  weight  is  attached  is  allowed  to  contract 
freely,  in  which  case  the  distance  through  which  the  attached  weight  is  lifted 
increases  and  diminishes  in  the  same  ratio  as  the  contracting  force.  The  muscle 
is  suspended  vertically,  and  its  lower  extremity  is  attached  to  a  lever  proxaded 
with  a  pen  arranged  in  such  a  manner  as  to  mark,  when  the  mitscle  contracts, 
upon  a  surface  moving  with  uniform  velocity  in  a  horizontal  direction  in  front  of 
it.  This  moving  surface  is  either  in  the  form  of  a  cylinder  rotating  evenly 
about  a  vertical  axis,  as  in  Helmholtz's  myograph,  or  of  a  smootli  plate  fixed  to 
the  extremity  of  a  long  pendulum,  as  in  that  of  Fick.  A  curve  is  in  this  manner 
produced,  of  which  the  abscissae  represent  the  time,  and  the  ordinates  the  deeree 
or  extent  of  contraction.  As  the  latent  period  occupies  an  appreciable  portion 
of  the  line  traced  by  these  means,  the  instant  of  stimulation  must  be  indicated 
on  the  recording  surface  \)y  some  mark.  This  is  most  easily  done  by  causing 
the  moving  surface  itself  in  passing  some  point  in  its  course  to  effect  the  stimu- 
tion,  say  by  closing  a  current.  Instead  of  making  use  of  the  shortening  of 
muscle  for  the  production  of  a  curve,  the  thickening  which  it  undergoes  on  con- 
traction may,  by  a  suitable  apparatus,  be  registered  in  the  form  of  a  curve, 
which,  as  might  be  expected,  agrees  with  that  produced  in  the  above  manner 
(Aeby,  Marej^).    This  method  is  applicable  to  the  muscles  of  a  li\'ing  man. 

2.  Contraction  is  not  allowed  to  occur,  but  is  hindered  by  means  of  weights 
placed  in  a  scale-pan  attached  to  the  lever  de  (fig.  19),  which  is  supported  in  such 
a  manner  that  the  weight  cannot  act  upon  the  muscle  while  it  is  at  rest,  but 
only  when  it  tends  to  contract.  Each  weight  placed  in  the  scale-pan  {^over- 
load'') keeps  the  muscle  in  the  position  it  occupies  when  at  rest,  until  the  con- 
tracting force  (energy)  attains  an  intensity  equal  to  that  of  the  ovpr/oa^  ('  Uebn-- 
lastunff').  As  tlie  contracting  force  is  evolved  gradually  after  stimulation,  the 
time  intervening  between  stimulation  and  the  lifting  of  the  weight  from  its  sup- 
port, i.e.  the  striking  of  contact  at  c,  is  greater  the  hea-\aer  the  weight.  If  the 
value  of  the  overload  is  =  0  the  time  from  the  application  of  the  stimulus  to 
the  raising  of  the  lever  corresponds  to  the  latent  period.  A  degi-ee  of  overload- 
ing is  at  last  attained,  which  prevents  any  movement  of  the  lever  by  the  muscle, 
and  therefore  represents  the  limit  to  the  evolution  of  the  contracting  force.  The 
measurement  of  the  lime  from  the  moment  of  stimulation  to  the  raising  of  the 
weight  {i.e.  to  the  brealdngof  contact  at  e)  is  effected  by  the  method  of  Pouillet, 
according  to  which  it  is  registered  by  the  deflection  of  the  needle  of  a  galvano- 
meter G,  the  current  of  which  is  made  at  the  instant  of  stimulation,  and  broken 
at  c  when  the  weiglit  is  raised.  The  coincidence  of  closure  of  the  galvanometer- 
current  and  the  stimulation  of  the  muscle  is  accomplished  by  pressing  the  point 
of  the  wire  against  the  plate  e  of  the  commutator  w,  whereby  the  current  from 
the  battery  Km  closed,  while  that  from  the  battery  k'  connected  with  the  pri- 
mary coil  p  is  broken  at  f,  in  consequence  of  which  an  opening  induction  shock- 
is  transmitted  by  the  wires  from  the  secondary  coil  8  to  the  muscle. 

If  the  times  registered  by  the  above  method  be  taken  as  abscisssSj  and  the 
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correspondiug  weig-hts  as  ordinates,  a  curve  presenting  energy  is  ottamed,  which 
ao-rees  with  the  ascending  portion  of  the  ordinary  muscular  curve,  got  by  means 
of  the  myoo-raph.  The  latter,  however,  deviates  slightly  from  the  former,  on 
account  of  "the  weight  suspended  to  the  muscle  in  myograph-experiments  in 
order  to  keep  it  extended  (Kliinder).  The  curve  representing  energy  may  also, 
by  proper  arrangements,  be  obtained  directly  (Ficli). 

If  an  imweighted  muscle  be  allowed  to  contract,  and  in  tbe  midst  of  contrac- 
tion brought  to^'a  standstill  suddenly  by  means  of  a  weight,  it  will  be  found  that 
a  smaller  weight  is  required  to  effect  this  according  to  the  extent  to  which  con- 
traction of  the  muscle  has  already  gone.  The  force  of  a  muscle,  therefore, 
diminishes  during  contraction,  and  is  equal  to  nothing  at  the  end  of  it.  In 
order  to  show  this,  the  weighted  lever  is  so  arranged  by  placing  it  nearer  to  the 
fixed  extremity  of  the  muscle,  that  a  certain  extent  of  contraction  must  have 
taken  place  before  the  muscle  begins  to  act  upon  it  (Schwann,  Hermann). 


Fig.  19. 


SCHEJIA  OF  EXPERIMENT  FOR  DETERMINING  THE  INFLUENCE  OF  AN 
'  OVERLOAD '  UPON  THE  TIME  OF  CONTRACTION  OF  A  MUSCLE. 

Certain  muscles  have  the  characteristic  that  their  contraction 
proceeds  very  slowly,  and,  in  consequence,  gives  rise  to  a  very 
extended  muscle-curve  :  such,  for  example,  are  the  muscles  of  the 
tortoise  and  of  the  heart  (Marey),  the  latter  forming  the  transition 
in  rapidity  of  contraction  between  striped  and  unstriped  muscles 
(see  below).  Cold,  exhaustion,  &c.,  hinder  the  progress  of  contrac- 
tion (Valentin,  Kliinder)  and  diminish  its  extent  (Volkmann). 

The  return  of  a  muscle  to  its  initial  length  only  occurs  com- 
pletely when  suflBcient  extending  forces  act  upon  it  (Kiihne,  Her- 
mann). The  persistence  of  contraction,  in  spite  of  extending 
forces,  is  noticed  when  the  muscle  is  highly  fatigued,  or  about  to 
pass  into  the  condition  of '  rigor,'  or  when  it  is  directly  and  very 
powerfully  stimulated  (Tiegel),  or  when  its  properties  are  modified 
by  a  muscular  poison,  such  as  veratria  (V.  Bezold). 

If  two  stimuli  follow  one  upon  the  other  so  quickly  that  the 
contraction  induced  by  the  first,  although  it  has  got  past  the 
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latent  period,  has  not  reached  its  maximum  before  tlie  second 
commences  to  operate,  their  united  result  is  to  produce  a  stronger 
contraction.  That  is  to  say,  the  second  stimulus  operates  just  as 
if  the  contracted  form  which  the  muscle  had  when  it  began  to  act 
were  the  natural  form  of  the  muscle  (Heltnholtz).  From  this  it  is 
evident  that  the  maximum  of  contraction  under  the  most  favour- 
able circumstances  may  be  doubled,  viz.  when  the  difference  in 
time  between  the  two  stimulations  equals  the  duration  of  a  single 
contraction  from  its  commencement  to  its  maximum. 

Further,  if  a  series  of  stimulations  are  brought  to  bear  upon  a 
muscle  at  very  short  intervals  of  time,  no  opportunity  is  aflForded 
to  the  muscle  of  regaining  its  normal  .extension  between  any  two 
of  them ;  and,  in  consequence,  it  retains  its  contracted  form 
during  the  whole  series  :  this  condition  is  called  '  tetanus.' 

[lu  fig.  20  is  shown  the  curve  traced  on  a  blackened  travelling  surface  by  a 
lever  attached  to  a  muscle  which  is  thrown  into  a  state  of  tetanus.    The  stimu- 
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CURVE  OF  TETANUS. 


lations  in  this  case  succeeded  each  other  sufficiently  rapidly  to  prevent  the 
muscle  relaxing,  and  yet  not  so  rapidly  as  to  conceal  the  influence  of  each  stimu- 
lation. Had  the  stimulations  been  even  more  frequent,  the  '  fusion '  of  the  effects 
oi'  the  successive  stimulations  would  have  been  complete,  and  an  unbroken  curve 
would  have  been  traced.] 

All  continued  muscular  contraction,  of  which  the  body  presents 
so  many  examples,  must  be  regarded  as  tetanic,  i.e.  as  being  pro- 
duced by  a  series  of  stimuli  following  closely  one  upon  another 
(Ed.  Weber).  That  such  continued  contraction  is  to  be  looked 
upon  as  the  result  of  a  series  of  single  contractions  appears 
evident ;  firstly,  because  of  the  phenomenon  of  '  secondary  tetanus,' 
to  be  described  afterwards  (du  Bois-Reymond) ;  and,  secondly, 
from  the  production  of  the  '  muscular  murmur.'  The  latter  may 
be  heard  by  applying  the  ear  or  stethoscope  to  the  tetanised 
muscle  of  a  man  {e.g.  to  a  muscle  in  a  state  of  voluntary  contrac- 
tion); it  appears  to  be  a  weak  murmur  in  which  a  distinct  note 
predominates — the  muscular  murmur  or  note  (Wollaston).  The 
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vibratioTis  of  this  muscular  murmur,  when  the  muscle  is  tetanised 
by  an  induction  current,  correspond  per  second  with  the  number 
of  stimuli  applied  (Helmholtz).  As  voluntarily  tetanised  muscles 
generally  emit  a  distinct  sound  (of  19-5  vibrations  per  second),  the 
number  of  stimuli  proceeding  from  the  motor  central  nervous 
organs  during  tetanus  by  the  will  must  be  19*5  per  second 
(Helmholtz). 

If  stimuli  of  a  certain  strength  follow  one  another  very  quickly 
(e.g.  if  more  than  from  224  to  360  occur  per  sec),  no  tetanus 
results  (Harless,  Heidenhain),  and  only  the  first  produces  a  con- 
traction (initial  contraction,  Bernstein).  If  the  strength  of  the 
stimuli  be  increased,  tetanus  follows. 

The  best  means  of  tetanising  muscle  is  by  using  as  stimuli  a  series  of 
frequent  electric  shocks  ;  sach  a  series,  for  instance,  as  is  produced  by  the  con- 
tinual opening  and  closing  of  an  electric  current.  In  order  to  study  those 
characters  of  active  muscle  for  the  development  of  which  a  single  conti-action  is 
too  fleeting,  e.g.  the  chemical  changes  during  activity,  the  evolution  of  heat,  the 
negative  variation  of  the  muscle  ciu-rent,  which  the  galvanometer,  on  account  of 
the  inertia  of  the  needle,  does  not  show  in  the  case  of  a  single  contraction,  it  is 
best  to  tetanise  the  muscle  experimented  upon. 

The  first  sound  of  the  heart  is,  according  to  some,  an  instance  of  a  mus- 
cular murmur  of  the  usual  pitch  (Natanson,  Haughton)  ;  ventricular  systole 
would,  according  to  this  view,  be  a  tetanic  contraction.  The  muscular  murmur 
may  be  heard,  preferably  at  night,  by  stopping  the  ears  with  wax,  and  contract- 
ing the  muscles  of  mastication.  The  depth  of  the  muscular  note  was  formerly 
given  at  from  36-40  vibrations  per  second  (Natanson,  Haughton,  Helmholtz). 
When  it  became  possible  to  determine  it  more  exactly  by  the  method  given 
below,  it  was  fixed  at  19  vibrations  per  second — the  audible  tone  is  therefore 
the  first  harmonic  of  the  primaiy  note  in  the  muscular  sound  (Hekuholtz).  The 
dependence  of  the  note  upon  the  number  of  stimuli  applied  per  second  becomes 
evident  to  anyone  who  tetanises  his  own  masseter  muscle  by  means  of  an  induc- 
tion apparatus,  the  coils  of  which  are  placed  in  a  distant  room,  the  note  being 
the  same  as  that  emitted  by  the  interrupter  of  the  machine  \ised  (Helmholtz) . 
The  fact  that  a  muscle  when  tetanised  by  stimuli  proceeding  from  the  central 
nervous  organs  has  a  tone  with  an  independent  and  characteristic  number  of 
vibrations,  was  first  noticed  in  the  case  of  an  animal,  the  miiscles  of  which  were 
thrown  into  tetanus  by  stimulating  the  spinal  cord,  and  which  then  emitted  the 
deep  murmur  of  contracting  muscle  (du  Bois-Reymond).  In  such  a  case  the 
note  is  independent  of  that  caused  by  the  vibrations  of  the  interrupter  of  the 
apparatus  used.  The  muscular  murmur  may  also  be  heard  by  fixing  a  frog- 
muscle,  properly  weighted,  to  one  end  of  a  short  stafi",  the  other  end  of  which  is 
inserted  into  the  ear,  and  tetanising  it  by  means  of  electricity.  The  vibrations 
may  be  rendered  visible  by  imparting  them,  by  resonance,  to  a  strip  of  flexible 
metal  or  paper  (Helmholtz). 

If  a  limited  portion  of  a  muscle  or  of  a  muscular  fibre  be 
thrown  into  the  active  condition  by  the  application  of  a  stimulus, 
that  condition  travels,  in  the  form  of  a  rapidly  progressing  wave, 
over  the  whole  length  of  the  muscular  fibres  implicated.  The 
rapidity  of  this  propagation  is  in  the  case  of  the  frog's  muscles, 
about  3  metres  per  second  (Bernstein,  Hermann)  ;  in  the  case  of 
the  rabbit's  muscles,  from  4  to  5  metres  per  second  (Bernstein 
and  Steiner).    It  diminishes  under  the  influence  of  cold,  and 
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especially  when  the  muscle  is  fatigued  or  dying.  In  the  latter 
case  the  transmission  of  contraction  may  not  occur,  so  that  the 
shortening  and  thickening  remain  as  a  swelling,  limited  to  the 
stimulated  spot  ('  idio-muscular  contraction  '). 

The  rate  of  propagation  of  contraction  is  measured  (Aety)  by  causing  two 
portions  of  muscle,  situated  at  different  distances  from  the  point  at  which  the 
stimulus  is  applied,  to  register  their  changes  in  thickness,  and  then  ascertaining 
the  latent  period  for  each.  If,  on  the  other  hand,  the  latent  period  is  deter- 
mined for  the  same  part  of  the  muscle,  -when  the  point  of  stimulation  is  near  and 
distant  from  it,  the  rate  of  transmission  of  stimulation  is  ascertained,  this  being 
probably  identical  with  the  rate  of  transmission  of  contraction  (Hermann).  An 
idio-muscular  swelling  forms  upon  the  stimulated  spot  on  strong  direct  stimula- 
tion of  fresh  muscle,  even  though  the  whole  length  of  the  fibres  contract 
together,  e.g.  when  a  blow  is  inflicted  across  the  muscles  of  the  upper  arm. 


On  the  Amount  of  Work  done  by  the  Contracting  Muscle. 

1.  WHEN  THE  TKANSFORMATION  OF  ENERGY  WITHIN  THE  MUSCLE  IS 

AT  ITS  MAXIMUM. 

In  the  first  place  the  most  simple  case  will  be  considered,  that, 
namely,  in  which,  by  as  powerful  an  irritation  as  possible,  as  much 
energy  becomes  kinetic  within  the  muscle  as  it  is  capable  of 
yielding. 

An  idea  maybe  formed  of  the  mechanical  changes  which  occur 
in  a  muscle  when  it  contracts  (Ed.  Weber)  if  we  imagine  that, 
imder  the  influence  of  an  excitant,  and  in  consequence  of  the 
chemi<jal  processes  which  result  from  its  action,  the  muscle  ab 
(fig.  21)  suddenly  assumes  a  new  natural  form  a6,  which  difiers 
from  the  first  in  being  shorter,  thicker,  and  less  elastic,  and 
which  tends  to  return  to  its  original  shape.  When  the  muscle 
passes  from  the  first  into  the  second,  or  contracted,  form,  it 
behaves  exactly  as  if  it  had  been  stretched  beyond  its  natural 
length,  and  in  virtue  of  its  elasticity  had  tended  to  assume  the  new 
form.  The  same  happens  if  the  muscle  when  at  rest  be  extended 
by  a  weight,  only  that  in  this  case  the  length  attained  is  greater 
than  if  the  same  muscle  were  stretched  while  contracted.  The 
difference  between  these  two  lengths  is,  of  course,  the  height 
through  which  the  weight  is  lifted  (Hubhohe),  which,  for  the  sake 
of  brevity,  we  may  term  the  lift.  The  product  of  the  weight 
raised  into  the  height  through  which  it  is  raised,  i.e.  the  product 
of  load  into  lift,  expresses  the  work  done  by  the  muscle. 

A  moment's  consideration,  assisted  by  a  glance  at  fig.  21, 
serves  to  show  that  when  .  the  extensibility  of  the  contracted 
muscle  becomes  considerably  greater  than  that  of  the  muscle  at 
rest,  the  lift  of  the  muscle  will  diminish  as  the  load  increases, 


WEBER S  THEORY  OF  CONTRACTION. 


277 


being  with  a  certain  load  nothing,  and  finally  becoming  negative. 
That  is  to  say,  when  the  load  attains  a  certain  amount,  it  will  no 
longer  be  raised  on  the  application  of  a  stimulus  to  the  muscle  ; 
and  also,  as  it  increases  still  more,  stimulation  will  cause  elonga- 
tion of  the  muscle,  instead  of  contraction.  Let  AB,in  fig.  21,  be 
the  natural  length  of  the  uncontracted  muscle  ;  moreover,  suppose 
loads  of  various  sizes  to  form  abscissae  on  the  axis  bd,  and  the  exten- 
sions corresponding  to  them  to  be  carried  down  as  ordinates ;  then 
BC  is  the  curve  of  extension  of  resting  muscles,  and  a,Bi,  AgBj,  AjB^, 
&c.,  are  the  lengths  of  the  muscle  corresponding  to  the  loads  BcZj, 
BtZg,  BcZg,  &c.  Again,  let  a6  be  the  natural  length  of  the  contracted 
muscle  (for  a  given  stimulus)  ;  as,  now,  its  elasticity  is  to  a  certain 
extent  less  than  that  of  the  muscle  at  rest,  the  curve  of  extension. 


6c,  obtained  in  the  above  manner,  will  fall  more  abruptly  than  bc, 
and  cut  it  in  a  point  b^.  As  a,6j,  kj)^,  A363,  A^fc^,  &c.,  are  the 
lengths  of  the  contracted  muscle  under  the  different  loads,  the 
lines  Bj6p  Bj^j^  between  bc  and  he,  are  the  lifts  of  the  muscle 
on  stimulation.  It  is  seen  at  once  that  they  become  smaller  and 
smaller,  being  at  84  =  0,  and  after  that  point  (B565)  negative.  That 
is  to  say,  elongation  takes  the  place  of  contraction  on  the  application 
of  a  stimulus,  A^Bg  extending  to  Ag/jg.  The  work  done  by  the 
muscle  when  carrying  the  various  loads  is  found  by  multiplying 
the  abscissas  (bcZ,,  Tid^,  &c.)  into  the  corresponding  lifts.  It  is  at 
once  seen  that  this  product  =  0  at  two  points,  viz.  at  b  and  at  b^  ; 
that  it  is  greatest  a  little  before  the  middle  position  between  those 
two  points  is  reached ;  and  that,  on  the  other  side  of  b^,  it  is  a 
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negative  quantity.  The  variations  in  the  work  done  may  be 
represented  by  the  curve  rus. 

In  accordance  with  this  theory  the  stimulus  remaining  constant 
and  the  load  increasing,  the  lifts  decrease,  following  a  law  wliich 
corresponds  to  the  relations  between  the  lengths  of  b6j,  B,fe,,  Bjfej, 
(^c. ;  it  must  be  noticed,  however,  that  in  simple  muscular  con- 
traction momentum  somewhat  exaggerates  the  lift.  According  to 
Fick,  no  amount  of  loading  promotes  elongation  dm'ing  activity  as 
Weber  maintained.  According  to  Fick's  view,  the  two  curves  he 
and  EC  do  not  meet,  but  ai-e  asymptotes. 

The  relations  of  muscles  of  the  same  kind  (from  the  same 
animal),  but  of  different  size,  are  very  simple.  The  activity  of 
contraction  being  at  its  maximum,  the  weight  which  a  muscle  can 
lift  to  a  given  height  will  increase  as  its  transverse  section  becomes 
larger,  and,  the  weight  being  constant,  it  will  be  lifted  higher  the 
longer  the  muscle.  The  demonstration  of  this  is  easy.  Let  us 
imagine  n  similar  muscles  to  be  suspended  close  together  in 
parallel  lines ;  suppose  each  of  the  muscles  to  have  attached  to  its 
free  extremity  a  unit-weight,  which  it  is  capable  of  raising  to  a 
unit-height ;  a  muscular  system  is  thus  arranged  which  has  n 
times  the  extent  of  transverse  section  of  one  muscle,  and  which 
can  raise  n  units  of  weight  through  a  unit  of  height.  On  the 
other  hand,  if  the  n  muscles  be  connected  together  end  to  end,  and 
tlie  system  suspended  by  one  extremity  while  a  unit-weight  is 
attached  to  the  other,  a  muscular  arrangement  is  produced  which 
is  n  times  as  long  as  in  the  preceding  case,  and  which  can  raise  a 
imit-weight  through  n  units  of  height.  We  may  render  these 
laws  evident  by  diagrams  similar  to  the  one  represented  in  fig.  21, 
if  we  hold  in  view  the  fact  that  the  extensibility  of  a  muscle  is 
directly  proportional  to  its  length  and  inversely  proportional  to  its 
cross  section. 

The  amount  of  work  which  is  done  under  the  influence  of  the 
most  powerful  excitant  would  appear  to  be  the  natural  measure  of 
the  maximum  amount  of  energy  which  can  become  kinetic  in  a 
muscle,  when  its  irritability  is  greatest.  The  amount  of  work 
done  is,  however,  very  variable.  It  depends,  for  example,  upon 
the  weight,  as  was  shown  above.  Moreover,  it  follows  from 
Weber's  theory,  that  it  is  greater  if  the  load  be  continually  dimi- 
nished as  it  is  being  raised  (Fick)  ;  and,  as  a  fact,  many  muscles 
in  the  body  act  on  levers  in  such  a  manner  that  the  moment  of 
the  load  about  the  point  of  support  diminishes  as  contraction  pro- 
ceeds. The  maximum  amo\mt  of  work  which  1  grm.  of  frog's 
muscle  can  perform  varies  between  3,324  and  5,760  grammeters 

(Fick).  .  ^ 

Commonly  the  functional  activity  of  a  muscle  is  determmed 
by  ascertaining  the  maximum  power  of  shortening  which  it  dis- 
plays on  the  application  of  the  strongest  stimulus.    The  magni- 
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tude  of  this  so-called  '  absolute  muscular  power,'  expressed  in  units 
of  weight,  is  dependent  upon  the  area  of  its  cross  section,  and  is 
therefore  expressed  in  relation  to  the  unit-area  of  the  section.  A 
square  centimeter  of  frog  muscle  corresponds  to  between  2,800  and 
3,000  grammes  (Rosenthal,  and  a  square  centimeter  of  human 
muscle  to  between  6,000  and  8,000  grms.  (Henke  and  Knorz, 
Koster). 

In  a  muscle  separated  from  tlie  tody,  the  so-called  '  absolute  power '  is  deter- 
mined by  the  method  of  '  overloading '  which  has  been  described  at  p.  272. 
Other  methods  depend  upon  the  fact  that  the  weight  which  represents  this 
absolute  muscular  power  is,  according  to  Weber's  theory,  the  same  as  would  be 
capable  of  stretching  the  unloaded  and  contracted  muscle  to  the  length  occupied 
by  it  when  unloaded  and  at  rest  {i.e.  in  fig.  21,  the  weight  corresponding  to  the 
abscissa  Brf^)  ;  and,  in  addition,  the  same  as  would  be  necessary  for  loading  tbe 
muscle  in  order  that,  on  contraction,  it  should  regain  the  length  it  occupied 
when  uncontracted  and  not  londed.  Tbe  determination  of  this  force  in  man  ia 
efiFected  amongst  others  in  the  following  ways  (Weber)  : — When  we  stand  on 
tiptoe,  or,  more  correctly,  when  we  rest  our  weight  on  the  heads  of  the 
metatai-sal  bones,  the  gastrocnemii  muscles,  through  their  insertion  into  the  os 
calcis,  exert  an  action  upon  a  lever  of  the  second  kind,  the  fulcrum  of  which  is 
situated  at  the  point  of  junction  of  the  metatarsal  bones  to  the  ground  ;  the 
weight  (of  the  body)  acts  upon  the  point  of  the  foot,  through  which  the  line  of 
direction  of  the  centre  of  gravity  passes.  If  the  body  be  now  laden  with 
weights  until  it  is  impossible  to  raise  the  heel  from  the  ground,  then  the  abso- 
lute power  of  the  gastrocnemii  is  equal  to  the  moment  of  the  weight  (body  + 
weights)  into  its  arm,  divided  by  the  length  of  the  arm  acted  upon  by  the 
muscles ;  this  value,  when  found,  has  only  to  be  reduced  in  terms  of  the  cross 
section.  The  mean  cross  section  of  a  muscle  is  determined  by  dividing  its 
volume  (which  is  equal  to  its  absolute  weight  divided  by  its  specific  weight)  by 
its  length. 

The  method  of  Schwann  measures  as  it  were  the  absolute  power  of  a 
muscle  in  the  diflerent  conditions  of  its  shortening,  when  possessing  the  dif- 
ferent lengths  between  ab  and  ah  (fig.  21) :  as,  however,  in  the  case  of  the 
length  A,&j,  the  force  found  is  equal  to  the  weight  which  can  stretch  the  active 
muscle  Ab  to  the  length  K^b^,  it  is  represented  by  the  abscissa  b  d.^.  Schwann's 
experiments  afibrd  a  means  of  determining  the  curve  which  represents  the 
extensibility  of  active  {i.e.  contracted)  muscle,  at  least  of  the  portion  bb^ 
(Hermann). 

In  the  condition  of  muscular  fatigue  the  absolute  power  of  a  muscle 
diminishes,  as  well  as  its  power  of  shortening.  When  the  stimulus  is  at  its 
maximum,  and  the  load  borne  by  the  muscle  remains  constant,  the  lift  dimi- 
nishes by  an  equal  amoimt  with  every  successive  muscular  contraction,  pro- 
viding that  the  time  which  intervenes  between  successive  contractions  is  always 
the  same.  The  longer  the  interval  between  successive  stimulations,  the  smaller 
the  diminution  iu  the  lift.  The  influence  of  the  time  which  intervenes  between 
the  contractions  is  most  marked  when  the  muscle  is  in  a  state  of  fatigue.  The 
times  between  the  contractions  remaining  constant,  the  diff'erences  in  the  con- 
tractions become  less  perceptible  as  soon  as  the  muscle  no  longer  contracts  so 
as  to  have  the  length  which  it  possessed  when  at  rest  and  unweighted ;  the 
curve  which  represents  the  magnitude  of  the  muscular  contractions,  which  up 
to  this  point  is  rectilinear,  now  becomes  a  hyperbola,  which  is  an  asymptote  to 
the  curve  which  indicates  the  extensibility  of  the  uncontracted  muscle. 

During  tetanus  a  muscle  executes  no  external  mechanical 
work,  as  no  weight  is  lifted  by  it ;  the  weight  already  lifted  to  a 
certain  height  being  merely  maintained  at  that  height.    As  the 
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chemical  changes  which  go  on  in  a  muscle  which  is  in  a  state 
of  tetanus  are  greater  in  amount  than  in  a  muscle  at  rest,  we  must 
assume  that  a  tetanised  muscle  actually  does  perform  work,  the 
muscle  losing  and  immediately  thereafter  regaining  the  whole  of 
its  tension  during  the  extremely  short  interval  between  two  suc- 
cessive stimulations  ;  this  sudden  regain  of  tension  must,  whenever 
it  occurs,  lead  to  a  development  of  heat.  One  must  seek  for  the 
equivalent  of  the  tissue -changes  which  go  on  in  the  tetanised 
nauscle,  in  the  heat  which  is  generated.  The  continually  recur- 
ring changes  in  the  tension  of  a  muscle  are  probably  the  cause  of 
the  '  bruit  musculaire,'  or  muscular  noise,  to  which  reference  was 
previously  made.  It  has  not  hitherto  been  possible,  even  with  the 
help  of  the  most  delicate  arrangements,  to  demonstrate  that  at  the 
time  of  the  production  of  the  muscular  noise  the  load  borne  by  a 
muscle  is  slightly  lifted  up  and  down. 

2.  WHEN  THE  ACTIVITY  OF  THE  MUSCLE  IS  NOT  AT  ITS  MAXIMUM. 

The  lift  and  the  work  done  by  a  muscle,  when  the  stimuliis 
applied  to  it  is  constant,  but  of  moderate  intensity,  appear  to 
follow  the  same  laws  as  hold  in  the  case  of  the  muscle  excited  by 
an  intense  stimulus. 

If  the  strength  of  the  stimulus  varies,  the  degree  of  muscular 
activity  varies  also  ;  the  new  form  which  the  muscle  tends  to 
assume,  under  the  influence  of  the  stimulus,  differs,  both  in  elas- 
ticity and  in  length,  less  from  that  which  the  muscle  possessed 
when  at  rest,  the  weaker  the  stimulus.  It  has  not  yet  been  deter- 
mined according  to  what  law  the  strength  of  the  stimulus  affects 
the  intensity  of  the  active  condition  of  a  muscle ;  the  load  remain- 
ing constant,  the  lift  increases  in  proportion  to  the  strength  of  the 
stimulus,  and  then  remains  constant  (Fick) ;  the  absolute  force  of 
the  muscle,  when  the  strength  of  the  stimulus  is  increased,  in- 
creases at  first  rapidly,  then  slowly,  and  approaches  the  maximum 
asymptotically  (Hermann). 

If  the  changes  in  the  elasticity  of  the  muscle  which  correspond  with  every 
change  in  its  form  were  known,  one  might,  as  in  fig.  21,  construct,  for  every 
case,  the  extension  curve  of  the  active  muscle,  and  so  determine  the  height  to 
which  a  weight  would  be  lilted  for  every  weight  and  for  every  degree  of  mus- 
cular activity.  The  relation  between  changes  in  elasticity  and  in  form  is,  how- 
ever, unknown,  and  determinations  of  the  height  to  which  a  known  load  is 
lifted  permit  of  no  conclusion  being  arrived  at  as  to  the  natural  form  of  the 
unloaded  muscle  (for  the  same  degree  of  activity).  Although  the  extension 
curves  of  the  contracted  muscle  cannot  be  constructed  a  pi-iori,  yet  fig.  21 
shows  us  that  the  line  he  approaches  more  closely  to  BC  and  is  proportionately 
less  inclined  to  BC  the  smaller  the  activity  of  the  muscle,  and  the  weaker  the 
stimulus.  Hence  the  differences  between  the  heights  to  which  different  weights 
are  lifted  must  dimiuisli  as  the  strength  of  the  stimulus  diminishes,  and  the 
weakest  stimulus  capable  of  exerting  an  action  must  therefore  lift  to  a  slight 
extent  as  well  the  smallest  as  the  heaviest  weight — in  other  words,  in  order 
to  produce  the  maximum  lifting  of  1  gramme  or  ICQ  grammes,  the  same 
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strength  of  stimulus  is  required;  experiment  confirms  this  conclusion  (Her- 
mann). 

From  what  has  been  stated  it  follows  that  a  certain  stimulus 
leads  to  the  performance  of  very  varying  amounts  of  work  in 
muscles  which  are  differently  weighted  :  this  is  explained  by  the 
supposition  that  the  effect  of  weighting  a  muscle  is  to  convert  it 
into  a  new  body,  possessed  of  more  potential  energy  than  before. 
The  influence  of  the  weight  borne  by  the  muscle  must  be  even 
greater  than  the  preceding  statement  implies,  as  it  exerts  an 
influence  on  the  material  exchanges  which  go  on  in  the  muscle. 
The  flow  of  blood  through  muscle  is  accelerated  by  the  dilatation 
of  arteries  (Ludwig  and  Sczelkow,  Graskell),  the  vaso-dilator  nerve 
fibres,  which  are  mixed  with  the  motor  fibres,  being  excited  simul- 
taneously with  the  latter. 

Rigor  Mortis. 

If  a  muscle  is  removed  from  the  blood-current,  or  excised  from 
the  body  altogether,  it  passes — in  warm-blooded  animals  quickly, 
in  cold-blooded  animals  much  more  slowly — into  a  state  which  is 
called  death-rigor.  In  this  condition  it  is  devoid  of  irritability, 
it  is  strongly  contracted  in  the  direction  of  its  length,  it  is  less 
elastic,  it  has  a  whitish  curdled  appearance,  and  an  acid  reaction 
(du  Bois-Reymond),  and  its  volume  is  slightly  diminished  (Schmule- 
witsch,  Walker).  Under  the  microscope  the  previously  transparent 
muscle-tubes  appear  opaque  and  flocculent,  and  their  contents 
solid  (Kiihne). 

The  appearance  of  '  spontaneous '  rigor  is  hastened  by  previous 
continued  activity  of  the  muscle ;  and  by  heat,  a  temperature  of 
40°  C.  for  cold-blooded  animals,  or  of  48°  to  50°  C.  for  warm- 
blooded animals,  inducing  it  instantly  (heat-rigor).  In  the  cold 
the  occurrence  of  rigor  is  much  delayed,  not  taking  place  for 
several  days  at  a  temperature  of  0°  C.  It  is  induced,  moreover, 
by  distilled  water  {water-rigor),  by  acids,  even  the  weaker  kinds, 
such  as  carbonic  acid  {acid-rigor),  by  various  chemical  bodies,  and 
by  first  freezing  and  then  thawing  the  muscle. 

The  action  of  many  of  the  above-mentioned  agents  in  inducing 
rigor  may  take  place  even  when  the  circulation  through  the  muscle 
is  intact ;  but  a  longer-continued  and  more  intense  operation  is 
necessary.  The  effect  of  the  circulation  of  blood  through  the 
muscle  is  to  retard  the  occurrence  of  rigor  (Hermann). 

Cessation  of  the  blood-circulation  causes  rigor  in  muscle  by 
depriving  it  of  oxygen  ;  for  rigor  may  be  postponed  for  a  con- 
siderable time  in  excised  muscles  by  injecting  into  their  vessels 
oxygenated  blood,  a  residt  which  does  not  follow  if  the  blood  in- 
jected contain  no  oxygen  (Ludwig  and  A.  Schmidt).  Moreover, 
excised  muscles  through  which  nu  blood  is  passed  lose  their  irri- 
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tability  less  quickly  in  air  or  oxygen  than  in  gases  containing  no 
oxygen  (von  Humboldt,  G-.  Liebig) ;  but  here  the  difference  is 
extremely  small,  probably  because  the  oxygen  comes  into  contact 
only  with  the  external  surface  of  the  muscle. 

If  the  muscles  after  death  are  in  their  ordinary  position,  their 
shortening  during  rigor  induces  a  stiffening  of  the  limbs  known  as 
'  rigor  mortis  '  or  '  cadaveric  rigidity,'  which  only  disappears  when 
putrefaction  commences,  the  limbs  then  again  becoming  movable. 
From  the  rigidity  of  the  corpse  the  term  '  rigor  mortis  '  has  been 
derived. 

The  position  of  the  limbs  in  the  rigid  corpse  is  chiefly  the  resultant  of  the 
forces  exerted  by  the  rigid  muscles  and  by  gi-avity.  When  rigor  commences 
very  suddenly  the  limbs  occasionally  occupy  the  position  which  they  had,  owing 
to  muscular  contraction,  assumed  at  the  moment  of  death  (Brinton,  Rossbach, 
&c.)  ;  this  condition,  however,  appears  always  to  be  connected  with  changes  in 
the  spinal  cord  (Falk). 

Even  in  the  case  of  the  shortening  induced  by  '  rigor'  the  lifts  corresponding 
to  definite  loads  and  the  absolute  muscular  force  can  be  determined.  The  former 
are  greater  for  light  loads  but  smaller  for  heavy  loads  than  in  the  case  of  living 
muscle  under  the  influence  of  stimuli  of  maximum  intensity.  From  the  point 
of  view  of  Weber's  theory  the  natural  form  of  muscle  in  rigor  is  therefore  shorter, 
but  its  extensibility  greater  than  that  of  active  muscle  ;  the  absolute  muscular 
force  being  less  in  the  former  than  in  the  latter  cases  (Walker). 

The  essential  process  in  rigor  is  a  coagulation  of  the  contents 
of  the  muscle-tubes,  whereby  they  become  solid  (Briicke,  Kuhne). 
The  coagulated  body,  the  spontaneous  separation  of  which  from 
muscle-plasma  takes  place  at  once  at  a  higher  temperature,  is 
an  albuminous  subsfance,  myosin.  From  the  observations  upon 
muscle-plasma  we  must  suppose  that  the  contents  of  the  muscle- 
tubes  become  first  viscid  and  then  gelatinous ;  and  that  at  last  the 
coagulum,  like  the  coagulum  of  fibrin  in  a  blood-clot,  contracts, 
thus  shortening  the  muscle,  which  becomes  opaque  and  yields  a 
juice,  the  muscle-serum.  It  appears,  therefore,  that  various 
stages  are  to  be  distinguished  in  the  occurrence  of  rigor,  only  the 
last  of  which  are  visible  to  the  eye,  viz.  the  opacity  and  the  dimi- 
nution of  length. 

Besides  the  separation  of  myosin  other  processes  occur,  viz. : 
1.  The  already-mentioned  acidification,  which  is  the  result  of  the 
formation  of  an  acid  or  of  an  acid  salt.  The  acid  may  be  sarco- 
lactic  acid  ;  but  glycerin-phosphoric  acid  is  also  said  to  be  pre- 
sent (Diaconow).  The  amount  of  acid  which  results  from  the 
occurrence  of  rigor  in  a  muscle  is  the  same  whether  the  latter 
take  place  slowly  (spontaneous  rigor)  or  quickly  (heat  rigor) 
(J.  Eanke).  2.  An  excretion  of  carbonic  acid  which  depends  upon 
the  formation  of  free  carbonic  acid.  Here  again  the  amount  is 
independent  of  the  method  by  which  rigor  is  induced.  The  car- 
bonic acid  formed  during  the  occurrence  of  rigor  is,  moreover,  less 
the  greater  the  amount  the  muscle  has  generated  previously  by 


BIGOR  MORTIS.    THERMIC  PHENOMENA.  283 


contracting  (Hermann).  3.  A  diminution  in  the  amount  of  gly- 
coo-en  present,  which  is  also  independent  of  the  manner  in  which 
rigor  takes  place  :  it  has  not  been  discovered  what  becomes  of  the 
glycogen  (0.  Nasse). 

Of  the  first,  imperceptible,  stage  in  the  separation  of  myosin, 
it  may  be  said  that,  in  all  probability,  in  the  case  of  cold-blooded 
animals,  it  takes  place  very  gradually :  since  a  muscle,  from  the 
moment  of  its  excision,  after  a  very  transitory  period  of  exalted 
irritability,  steadily  loses  its  power  of  responding  to  stimulation  ; 
it  may  therefore  be  said  that  excised  muscle  commences  at  once  to 
pass  slowly  into  a  condition  of  rigor,  i.e.  myosin  is  separated  in  a 
gelatinous  form,  carbonic  acid  is  generated,  glycogen  is  used  up, 
and  an  acid  appears  which  gradually  changes  the  reaction  of  the 
muscle  to  test  paper.  The  second  stage,  however,  does  not  occur 
until  after  some  time,  and  consists  in  the  contraction  of  the 
coagulum  and  the  shortening  of  the  muscle,  thus  completing  rigor. 

A  muscle  may  be  reclaimed  from  the  first  stage  of  rigor  by 
allowing  blood  to  flow  through  its  vessels,  but  not  from  the  second, 
i.e.  after  the  contraction  of  the  coagulum  of  myosin  (Kiihne,  Her- 
mann). The  second  stage  of  rigor  may  be  rapidly  induced  in  the 
muscle  of  a  warm-blooded  animal  by  ligaturing  the  arteries  con- 
veying blood  to  it  (Stenson),  and  from  this  stage  it  cannot  recover 
by  the  mere  renewal  of  the  interrupted  blood-current.  More  will 
be  said  hereafter  concerning  the  nature  of  this  recovery. 

By  suddenly  heating  a  muscle  strongly  (a.g  by  throwing  it  into  boiling  water 
— scalding)  it  loses  its  power  of  entering  into  rigor :  it  neither  becomes  acid  in 
its  reaction  under  such  circumstances  (du  Bois-Reymond)  nor  forms  carbonic 
acid  (Hermann).  Mineral  acids  ha"ve  the  same  effect,  and  we  must  therefore 
distinguish  acid-rigor  from  that  which  usually  occurs  (Hermann). 

When  rigor  has  become  complete  the  muscle  begins  to  putrefy,  in  the  coui'se 
of  which  vibriones  are  formed^  the  acid  reaction  gives  place  gradually  to  an 
alkaline  one  owing  to  the  formation  of  ammonia,  and  ill-odom-ed  gases  are  given 
off.  Putrefying  muscle  evolves,  even  in  a  vacuum,  chiefly  carbonic  acid,  nitrogen, 
and  a  little  sulphuretted  hydrogen.  Long  before  the  excised  muscle  is  in  rigor 
in  every  part,  similar,  though  slighter,  putrefactive  changes  have  commenced  on 
its  external  surface. 

Thermic  Phenomena  of  Muscle. 

Muscles  removed  from  the  body,  as  well  as  muscles  which  re- 
tain their  connection  with  it,  become  hotter  during  activity 
(Helmholtz,'  Beclard),  which  is,  therefore,  associated  with  evolu- 
tion of  heat.  The  heat  is  greater  the  higher  the  contraction  and 
the  greater  the  load,  and  is  developed  not  merely  during  the  act 
of  shortening  but  also  during  the  subsequent  relaxation  (Heiden- 
hain  ^  with  >Steiner  and  Nawalichin).  In  tetanus  the  evolution  of 
heat  is  greater  at  the  time  of  the  initial  shortening  than  after- 

1  Helmholtz,  Archiv.f.  Anat.  u.  Phys.    1848,  p.  144. 

2  Heideniiain,  Meclmnische  J.eistung,  Wiirmeentwicklung  und  Stoffumsatz  bei  der  Mus- 
keltliatitjkeit.    Leipzig,  18C4. 
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wards  ;  the  passage  from  the  elongated  to  the  shortened  condition, 
therefore,  causes  more  heat  to  be  evolved  than  does  the  main- 
tenance of  this  shortened  condition  (Fick). 

That  Leat  is  developed  in  muscle  during  contraction  was  formerly  only  proved 
in  the  case  of  tetanus ;  lately,  however,  it  has  been  shown  even  in  the  case  of 
individual  muscular  contractions  (Ileidenhain). 

The  determination  is  made  by  placing  one  thermo-electric  junction,  or  one 
series  of  such  junctions,  in  contact  with  the  muscle,  which  is  made  to  contract, 
whilst  another  junction  or  series  of  junctions  is  maintained  at  a  constant  tem- 
perature. _  (This  is  most  easily  effected  by  placing  the  second  junctions  in 
contact  with  a  second  corresponding  muscle,  which  is  kept  at  rest.)  In  the 
earlier  experiments,  needle-shaped  thermo-elements  were  employed,  which  were 
either  thrust  into  or  passed  through  the  muscle  experimented  upon,  so  that  the 
junction  was  in  contact  with  the  muscular  substance.  In  the  more  recent  re- 
searches, thermo-piles,  composed  of  a  combination  of  many  bismuth  and  anti- 
mony junctions,  have  been  employed,  one  set  of  junctions  being  placed  closely 
in  contact  with  the  muscle  (Heidenhain). 

In  frog  muscles  the  heat  generated  during  individual  muscular  contractions 
amounts  to  between  0°-001-0°-006  0. :  during  tetanus  it  may  be  as  great  as 
0°-15  0.  J'  B 

It  cannot  be  shown,  as  was  surmised,  that  the  stimulus  remaining  constant 
an  increase  of  mechanical  work  is  associated  with  a  diiuinished  production  of 
heat.  If  the  work  done  be  varied  by  altering  the  load,  the  intensity  of  the 
chemical  process  which  is  initiated  by  contraction  is  modified  ;  thus  the  pro- 
duction of  acid,  and  of  substances  soluble  in  alcohol,  increases  with  heavy  loads 
(Heidenhain,  Niegetiet  and  Heppner),  and  thus  one's  calculations  are  not  real- 
ized :  the  sum  of  the  heat  generated  and  the  work  done,  which  correspond  to 
the  chemical  changes,  varying  with  the  load  which  the  muscle  has  to  lift. 

If  with  a  muscle  beai'iug  a  constant  load  and  subjected  to  a  constant  stimulus 
the  work  be  varied  by  causing,  in  one  case,  the  weight  which  has  been  lifted  by 
each  contraction  to  fall  freely,  so  that  on  the  whole  no  useful  work  is  done,  and 
the  muscle  is  heated  bj^  the  falling  of  the  weight  which  extends  it ;  and  if  in 
another  case  the  muscle  be  enabled  to  raise  the  weight  higher  and  higher  by  its 
successive  contractions,  the  weight  being  supported  in  the  intervals  by  a  rachet- 
wheel,  so  that  useful  work  is  done  (Fick) — it  is  found  that  in  the  first  case  the 
muscle  becomes  warmer  than  in  the  second.  It  may,  however,  be  remarked  that 
the  chemical  processes  do  not  terminate  at  the  same  instant  as  the  lift,  but  con- 
tinue during  the  process  of  elongation,  during  whicli,  as  during  contraction,  they 
are  afiected  by  the  tension  to  which  the  muscle  is  subjected.  Actually  in  the  first 
case  the  muscle  produces  less  acid  than  in  the  second  (Landau  and  PakuUy)  ; 
here  again  the  conditions  of  the  experiment  modify  the  chemical  transformations, 
and  so  also  the  sum  of  the  work  and  heat  generated. 

Naturally,  in  accordance  with  the  principle  of  the  Conservation  of  Energy, 
the  simi  of  the  kinetic  energies  evolved  in  the  muscle  must  be  equivalent  to  the 
chemical  changes  which  take  place  in  each  case. 

Even  during  the  development  of  '  rigor '  heat  is  generated  in 
muscle,  its  evolution  coinciding  in  point  of  time  with  the  act  of 
shortening  (v.  Walther,  Huppert,  Schififer,  Fick  and  Dybkowsky). 

The  heat  developed  during  rigor  is  likewise  ascertained  by  thermo-electric 
methods,  one  set  of  junctions  being  maintained  at  a  constant  temperatme 
(Ijichiffer).  Another  method  consists  in  placing  the  bulbs  of  two  similar  mer- 
curial thermometers  into  two  muscles,  of  which  the  one  is  yet  living,  the  other 
in  a  state  of  rigor.  These  muscles  are  dipped  in  an  indiflerent  fluid,  which  is 
then  warmed ;  when  the  temperature  which  produces  heat-rigor  is  attained,  the 
thermometer  which  was  placed  in  the  yet  living  muscle  indicates  a  sudden  rise 
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in  temperatiu'e  (Fick  and  Dybkowsky).  That  heat  is  developed  during  ri(/ov 
mortis  is  proved,  in  the  case  of  the  uninjured  dead  body,  by  the  fact  that  after 
death  the  body  takes  a  longer  time  to  cool  than  the  body  which  is  artificially 
heated  after  cadaveric  rigidity  has  set  in  (Huppert).  The  development  of  heat 
du  Ing  rigor  mortis  explains  post-mortem  rises  in  temperature;  and  indeed  the 
occurrence  of  the  latter  (in  certain  cases)  first  led  to  the  supposition  that  an 
evolution  of  heat  is  associated  with  rigor  (Walther). 

Even  when  a  muscle  is  stretched,  a  very  slight  evolution  of  heat  occurs 
(Schmulewitsch,  Westermann). 

Electrical  Phenomena  of  Muscle. 

If  a  muscle  be  cut  so  as  to  present  a  transverse  section,  and  if 
the  two  ends  of  a  galvanoscopic  circuit,  especially  one  which  con- 
tains a  delicate  multiplier  or  mirror-galvanometer,  be  applied  to 
the  muscle  in  such  a  manner  that  one  end  is  in  contact  with  the 
transverse  section  and  the  other  with  a  point  of  the  longitudinal 
surface,  the  galvanometer  will  indicate  the  existence  of  a  current 
(Nobili,  Matteuci,  du  Bois-Reymond).  This  current  passes  through 
the  galvanometer  in  a  direction  from  the  longitudinal  to  the  trans- 
verse section,  and  therefore,  in  the  muscle,  in  a  direction  from  the 
transverse  to  the  longitudinal  section.  This,  which  is  called  the 
muscle-current,  is  also  obtained  if  any  strip  of  muscular  tissue, 
however  small,  obtained  by  longitudinal  division  of  a  muscle,  be 
substituted  for  the  whole  muscle  in  the  above  experiment,  pro- 
vided that  the  strip  is  bounded  by  a  transverse  section  to  which 
one  electrode  of  the  galvanometer  is  applied,  and  that  the  other 
electrode  is  applied  to  the  longitudinal  surface  ('  artificial  longi- 
tudinal section ').  In  this  case  the  artificial  longitudinal  section 
bears  the  same  relation  to  the  transverse  section  as  did  the  natural 
longitudinal  surface  {'■natural  longitudinal  section'')  in  the 
former  case.  It  seems  evident  that  an  individual  muscular  fibre 
would  also  exhibit  a  muscle-current. 

If  a  living  muscle  or  a  bundle  of  muscular  fibres  be  taken,  and 
the  vitality  of  the  tissue  be  destroyed  over  a  limited  length  of  the 
muscle  or  muscular  bundle  by  caustics,  by  crushing,  or  by  the 
application  of  heat,  the  muscle  or  muscular  bundle  will  be  divided 
into  living  portions,  which  are  separated  from  one  another  by  a 
dead  portion,  which  is  inserted  between  the  former  as  an  indifferent 
conductor  of  electricity  might  be.  In  this  case  every  point  in  the 
cross  line  of  demarcation  between  the  living  and  dead  muscle,  and 
in  general  every  point  in  the  area  of  dead  muscle,  behaves,  in 
reference  to  the  longitudinal  surface,  as  the  cross  section  in  the 
experiments  previously  alluded  to.  If  such  an  artificial  limitation 
of  the  living  muscular  fibres  be  also  called  an  artificial  cross 
section,  we  may  state  that  generally,  in  whatever  way  it  is  made, 
the  artificial  cross  section  of  a  muscle  is  negative  in  respect  to 
the  natural  or  artificial  longitudinal  section.  The  nearer  the 
two  poles  of  the  galvanometer  are  to  the  centre  of  the  longitudinal 
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and  cross  sections  respectively,  the  greater  the  intensity  of  the 
current  which  it  indicates. 

Muscles  which  are  rigid,  or  which  have  been  killed  without 
'  rigor  '  being  induced,  exhibit  no  current. 

Amongst  tlie  many  necessary  precautions  which  must  he  taken  in  conducting 
these  researches,  we  can  only  mention  here  that  the  animal  tissues  which  are 
the  subject  of  experiment  must  not  be  brought  directly  into  contact  with  the 
metallic  ends  of  the  galvanometer,  or  of  the  wires  connected  with  these  ;  for  it 
is  well  known  that  two  apparently  perfectly  similar  pieces  of  metal  {e.g.  two 
copper  wires)  when  brought  into  contact  with  a  moist  conductor — and  all  the 
animal  tissues  may  be  considered  as  such — form  a  galvanic  chain,  the  current 
of  which  must  cause  a  deviation  of  the  needle  of  the  galvanometer. 

Pieces  of  zinc  which  have  been  amalgamated  do  not,  however,  give  rise  to  a 
cirrrent  when  they  are  connected  by  means  of  a  solution  of  zinc  sulphate;  the 
two  pieces  of  metal  behave  under  these  circumstances  as  if  they  were  '  abisolutely 
similar.'  Relying  upon  this  property,  the  two  poles  of  the  galvanometer  are 
connected  (in  all  researches  in  animal  electricity)  with  two  amalgamated  pieces 
of  zinc ;  each  of  these  pieces  dips  into  a  vessel  containing  solution  of  sulphate  of 
zinc,  and  from  each  of  these  vessels  there  projects  a  pad  of  filteiing  paper  soaked 
with  the  same  solution.  The  animal  tissue  the  electro-motive  properties  of 
which  are  to  be  investigated  is  now  so  arranged  that  it  completes  the  circuit 
between  the  two  pads,  bridging  over  from  one  to  the  other. 

The  animal  structure  is  protected  from  the  injurious  effect  which  the  solution 
of  zinc  sulphate  would  exert  upon  it  by  the  interposition  of  an  innocuous  con- 
ductor ;  this  consists  of  sculptor's  clay  which,  having  been  dried,  is  made  into 
a  paste  of  suitable  consistence  by  means  of  a  1  per  cent,  solution  of  common 
salt. 

The  employment  of  these  zinc  electrodes  possesses  the  additional  advantage 
of  preventing  the  return  of  the  needle  after  its  first  deviation,  which,  if  any  other 
method  were  adopted,  would  occur  in  consequence  of  the  j)olanzntio7i  of  the 
electrodes.  Electrodes  made  of  amalgamated  zinc  plunged  into  solutions  of  zinc 
sulphate  are  rton-polarizahle. 

[In  fig.  22  is  shown  a  schema  of  apparatus  which  may  be  used  to  demonstrate 
the  muscular  current,  a  a  are  two  troughs  of  zinc,  the  inner  surfaces  of  which 
have  been  amalgamated.  These  troughs  rest  iipon  plates  of  vulcanite  (for  pur- 
poses of  insulation) ;  they  contain  a  saturated  solution  of  zinc  sulphate.  A  little 
pad  of  filtering  paper  bb  is  immersed  into  each  trough  so  as  to  rest_  upon  the 
edge,  as  shown  in  the  schema.  Over  each  pad  of  paper  is  placed  a  little  plate 
of  "sculptor's  clay,  as  mentioned  in  the  text.  Each  trough  constitutes  one  non- 
polarizable  electrode,  and  is  connected  directly  or  indirectly  with  one  pole  of  the 
galvanometer  a.  If  the  electrodes  be  in  good  order,  on  connecting  their  cushions 
too-ether  by  some  inactive  conductor— as,  for  example,  by  means  of  a  small  strip 
of" the  same  clay  as  covers  the  cushions— no  deviatian  of  the  galvanometer 

needle  will  occur.  ,  i     j  xi 

In  the  diao-ram  a  schematic  muscle  c  is  supposed  to  have  been  placed  on  the 
ctishions,  so  that  an  artificial  transverse  section  is  in  contact  with  one  electrode 
and  a  natural  longitudinal  surface  with  the  other.  Under  these  circumstances 
a  current  passes  through  the  galvanometer  in  the  direction  indicated  by  the 
arrows  in  the  diagram.  The  nerve  n  is  shown  to  be  connected  with  the  mus- 
cle c  and  it  is  placed  over  two  electrodes  B  connected  with  the  secondary  coil 
of  an  induction  coil.  If,  after  the  deflection  of  the  magnet  of  the  galvanometer 
A  bv  the  muscular  current  has  been  observed,  the  nerve  be  stimulated  hy  a  suc- 
cession of  induction  shocks  passing  through  the  two  wires  B,  a  dimmution  in 
the  deflection  of  the  magnet  corresponding  to  the  so-called  'negative  variation 
of  the  muscular  current  is  observed.  ,     ^  .-u     .i      •  j-„„+„j 

Non-polarizable  electrodes  are  often  made  of  other  forms  than  those  indicated 
in  the  diagram ;  the  galvanometer  used  in  England  for  these  experiments  is  bit 
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W  Thomson's  tralvanometer.  This  instrument,  when  of  suitable  construction, 
ir  capable  of  ea^sily  showing  the  negative  vai-iation  corresponding  to  a  simple 

™^Thi''Lu°cula?cm^^^  may  be  demonstrated  by  methods  other  than  the  gal- 
onnniptric "  (D  By  the  electro-chemical  method,  viz.  by  causing  the  muscular 
current  to  decompose  a  mixture  of  iodide  of  potassium  and  starch  paste  ;  in  this 
case  iodine  separates  at  the  positive  pole  and  colours  the  starch  blue  (2.)  The 
muscular  ciu-rent  may  be  employed  to  stimulate  nerves,  as  e.g.  to  stimulate  the 

Fig.  22. 


SCHEMA  OF  ARRANGEMENTS  FOR  DEMONSTRATING,  BY  MEANS  OF  THE  GALVANO- 
METER, THE  MUSCULAR  CURRENT  AND  ITS  NEGATIVE  VARIATION. 


very  nerve  supplying  the  muscle  {'  physiological  rheoscope  ').  In  this  case  it  is 
necessary,  as  is  mentioned  in  Chapter  IX.,  to  allow  the  current  suddenly  to 
break  into  the  nerves.  This  is  effected  by  suddenly  completing  a  circuit,  in  the 
course  of  which  is  the  nerve  of  a  prepared  frog's  leg,  by  interposing  the  longi- 
tudinal and  transverse  section  of  a  muscle ;  at  the  moment  of  closure  of  the 
circuit,  a  contraction  of  the  leg  takes  place. 

When  experimenting  with  a  single  muscle  the  arrangement  is  as  follows : — 
The  nerve  belonging  to  the  muscle  (which  we  must  imagine  to  be  in  contact 
with  the  natural  longitudinal  sections  of  all  the  muscular  fibres)  is  suddenly 
allowed  to  fall  upon  the  cross  section  of  the  muscle ;  a  muscular  contraction 
ensues.  (These  contractions,  without  the  interposition  of  metals,  were  known 
before  the  muscular  current  was  discovered.) 

Not  only  are  currents  observed  when  the  longitudinal  and  cross  sections  of 
.  a  muscle  are  connected,  but  also  when  the  electrodes  are  made  to  touch  two 
points  of  one  and  the  same  section.    A  circle  embracing  a  muscle  and  dividing 
;  it  into  two  halves  may  be  called  the  equator  of  the  muscle.    Now  if  in  any 
longitudinal  section,  natural  or  artificial,  two  points  be  taken  for  investigation, 
of  which  one  lies  nearer  to  the  equator  than  the  other,  it  will  be  found  that  the 
former  is  positive  in  relation  to  the  latter  (which  is  nearer  to  the  cross  section). 
.  Similarly,  if  any  two  points  of  a  cross  section  of  a  muscle  be  investigated,  which 
:  are  unequally  distant  from  the  axis,  it  will  be  found  that  the  point  which  is  near 
•  the  axis  is  negative  in  reference  to  tbe  point  which  is  further  away  from  it  (and 
which  therefore  is  nearer  the  longitudina.1  surface). 

No  cun-ents  are  observed  when  tlie  electrodes  touch  two  points  which  are 
1  equidistant  from  the  equator  of  a  longitudinal  section,  or  two  points  equidistant 
1  from  the  axis  of  a  cross  section. 

All  these  laws  apply  not  merely  to  points  on  the  same  cross  section,  but  also 
1  to  points  on  different  cross  sections,  and  similarly  to  points  on  different  longitu- 
i  dinal  sections.    Naturally,  the  two  terminal  i;oint8  of  the  axis,  and  any  two 
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points  on  the  equator  of  a  muscle,  when  connected,  do  not  cause  a  deflection  of 
the  galvanometer. 

The  currents  whicli  are  obtained  by  connecting  any  two  points  on  a  longi- 
tudinal section,  or  any  two  points  on  a  transverse  section,  are  always  very  much 
weaker  tlian  those  obtained  when  a  point  on  a  longitudinal  is  connected  with  a 
point  on  a  transverse  section,  and  they  increase  in  strength  as  the  difference  in 
the  position  of  the  electrodes,  in  reference  to  the  equator  and  axis,  increases. 
The  currents  obtained  by  connecting  two  points  on  the  same  section  are  termed 
weak  currents,  as  distinguished  from  the  stronff  currents  which  pass  between  a 
longitudinal  and  transverse  section. 

In  fig.  23  the  rectangular  figure  represents  a  piece  of  muscle :  l  L  are  its 
longitudinal  surfaces,  a  a  its  cross  sections,  a  b  its  equator.  The  thin  lines  show 
combinations  of  points  (on  the  same  kind  of  surface)  which  give  rise  to  weak 
currents ;  the  thick  lines  illustrate  the  production  of  strong  currents ;  the  dotted 
lines  show  how  different  parts  of  a  muscle  may  be  arranged  in  reference  to  the 
electrodes,  so  as  to  exhibit  no  electric  current. 

Fig.  23. 


If  an  oblique  section  be  made  through  a  muscle,  or  a  vertical  section  be  so 
altered  by  pulling  as  to  furnish  such  a  section,  a  departure  is  observed  from  the 
previously  mentioned  behaviour,  inasmuch  as  the  most  negative  point  of  the 
oblique  section  does  not  lie  in  the  middle  of  it,  but  is  in  proximity  to  its  sharp 
edge;  similarly,  the  most  positive  points  on  the  longitudinal  section  do  not  lie 
any  longer  in  the  equator,  but  nearer  to  the  blunt  edge  of  the  section.  In  such 
a  muscular  rhomb  a  point  in  proximity  to  the  latter  is  positive  in  relation  to  a 
point  near  the  former,  in  spite  of  the  two  points  being  equally  distant  from  the 
middle.  In  rhombic  pieces  of  muscle  currents  must  therefore  pass  from  the 
acute  to  the  obtuse  edges  which  are  superadded  to  the  usual  muscular  current. 
Such  currents  are  denominated  currents  of  inclination. 

All  the  phenomena  which  have  yet  been  referred  to  may  be  explained  by 
the  law  that  each  individual  muscular  fibre  exhibits  the  same  (electrical)  rela- 
tions as  the  entire  muscle,  viz.  that  a  transverse  section  through  any  part  of  it 
whatever  is  negative  in  relation  to  the  longitudinal  surface  or  section.  By  this 
hypothesis  the  '  strong  '  currents  between  the  longitudinal  and  cross  sections  are 
explicable.  The  '  weak '  cui-rents  are  explicable  simply  by  the  hypothesis  that 
when  a  portion  of  muscle  presents  cut  surfaces,  the  latter  rapidly  die  down  to  a 
certain  depth,  and  are  converted  by  this  process  of  death  into  indifferent  con- 
ductors ;  in  this  indifferent  layer,  the  muscular  current  adjusts  itself  partly,  and 
the  electrical  tension  is  so  distributed  on  the  surface  that  the  greatest  posi- 
tive tension  is  in  the  middle  (equator)  of  the  longitudinal  section,  the  greatest 
negative  tension  in  the  middle  of  the  cross  section.  The  phenomena  which  were 
described  at  p.  287  are  explained  by  the  fact  that  a  point  posses.«ing  weak  posi- 
tive tension  behaves  negatively  towards  a  point  of  stronger  positive  tension,  and 
similarly  a  weaklj'  negative  point  is  positive  in  relation  to  a  more  intensely  nega- 
tive point;  lastly,  two  points  which  possess  the  same  amount  and  the  same  kind  of 
electrical  tension  do  not,  when  connected,  give  a  current.    In  an  oblique  section 


THE  MUSCULAR  CURRENT. 


289 


the  successively  projecting  active  cross  sections  of  the  muscular  fihres_  form  a 
kind  of  batteiy,  whose  positive  pole  is  near  the  obtuse,  and  whose  negative  pole 
is  near  the  acute,  edges ;  the  current  which  is  formed  in  this  battery  adds  itself 
algebraically  to  the  ordinary  muscular  current.  In  this  way  may  be  explained 
the  phenomena  of  the  '  currents  of  inclination.' 

The  electro-motive  force  of  the  current  between  the  longitudinal  and  trans- 
verse sections  of  a  muscle  amounts,  in  the  case  of  a  frog,  to  as  much  as  0'08  of 
a  Dariell;  the  electro-motive  force  of  'currents  of  inclination'  may  exceed  0-1 
of  a  Daniell  (du  Bois-Reymond).  All  circumstances  which  produce  muscular 
exhaustion  diminish  the  intensity  of  the  muscular  current  (Roeber). 

In  uninjured  muscles  separated  from  the  body,  currents  pass 
from  different  points  on  the  surfaces,  which  are  of  varying  inten- 
sity and  direction.  Frequently  tendons,  i.e.,  the  indifferent  conduc- 
tors which  are  applied  to  the  natural  terminations  of  the  muscular 
fibres,  are  negative  in  relation  to  the  longitudinal  section  of  the 
former,  yet  not  so  powerfully  negative  as  an  artificial  cross  section. 

In  frogs  which  have  been  thrown  into  a  kind  of  hybernating 
state  by  the  action  of  cold,  the  tendons  are  frequently  electrically 
neutral,  or  positive  in  relation  to  the  longitudinal  section  of  muscle 
(du  Bois-Reymond).  In  a  perfectly  uninjured,  unsldnned  animal, 
the  muscles  which  are  in  a  state  of  rest  are  entirely  free  from 
electrical  currents  (Hermann');  the  currents  originate  during  the 
preparation  of  the  muscle  in  consequence  of  injurious  influences 
acting  upon  their  surfaces.  In  frogs,  for  instance,  amongst  other 
such  influences,  is  to  be  mentioned  the  action  of  traces  of  the 
caustic  secretion  of  the  skin. 

The  more  these  injurious  influences  are  avoided,  the  greater 
the  freedom  of  the  muscle  from  electrical  cun-ents.  In  muscles 
which  are  at  rest  there  are,  therefore,  no  currents  except  those  which 
are  brought  about  by  the  negative  electric  tension  of  the  artificial 
cross  section  in  reference  to  the  longitudinal  section  (Hermann). 

In  order  to  investigate  the  electrical  currents  of  the  muscles  of  imslrinned 
frogs  it  is  not  sufficient  to  bring  the  electrodes,  which  are  connected  with  the 
galvanometer,  in  contact  with  two  points  on  the  surface  of  the  skin,  as  the  skin 
at  any  point  perpendicular  to  its  surface,  fi'ora  without  inwards,  possesses  electro- 
motive properties  (du  Bois-Reymond).  These  cutaneous  currents,  which  are 
rapidly  destroyed  by  the  action  of  caustic  alkalies,  must  be  first  eliminated  (du 
Bois-Rej'mond).  If  this  be  done  in  such  a  way  as  to  obviate  the  downward 
pas.sage  of  the  caustic  to  the  muscle,  at  any  rate  up  to  the  time  when  the  ex- 
periment is  made,  the  muscles  are  found  to  be  entirely  free  from  electrical  cur- 
rents (Hermann).  Injuries  which  alect  the  whole  muscular  surface  alwavs 
cause  the  tendons  to  become  negative  in  relation  to  the  longitudinal  surface  of 
the  muscle  connected  with  them,  for  the  fibres  of  the  muscle  die  throughout 
their  whole  lengtli,  and  therefore  possess  no  current  of  their  own,  whilst  under 
the  tendon  are  placed  the  artificial  transverse  sections  of  many  yet  living  mus- 
cular fibres ;  this  is  especially  the  case  when  the  tendons  present  merely  a  thin 
aponeurotic  membrane  (as  in  the  case  of  the  gastrocneniius). 

The  different  deportment  of  the  muscles  ol"  hyLernating  animals  is  most  pro- 
bably to  be  explained  by  a  certain  indifference  which  they  present  to  slight 

'  Hermann,  Weilere  Untersuehungen  iiber  den  Stoffwechxel  im  Muskel.  Berlin,  Verla" 
V.  A.  Hirschwald.    1867.  " 
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transient  injuries,  wliich  entirely  agrees  with  their  well-known  sluggishness 
when  stimulated. 

When  electrodes  are  placed  in  contact  with  two  points  on  the  surface  of 
the  limbs  of  skinned  animals,  or  on  two  points  of  the  surface  of  the  body  gene- 
rally, currents  are  observed  which  are  the  resultants  of  the  numerous  individual 
muscular  currents. 

When  a  piece  of  muscle  which  is  limited  by  a  longitudinal  and  cross  section 
is  heated  to  a  temperature  which  does  not  exceed  that  required  to  bring  on  heat 
■)-i<jor,  the  strength  of  the  muscular  current  is  increased.  Cooling  the  muscle  on 
tlie  other  hand  diminishes  the  strength  of  the  current.  Warm  places  in  a  fibre 
behave  positively  in  reference  to  cooler  ones.  The  strength  of  the  current  which 
passes  between  two  points  of  a  muscular  fibre  is  not  influenced  by  the  tempera- 
ture of  those  portions  of  the  fibre  which  lie  between  them.  The  changes  in  the 
electro-motive  properties  of  muscle  which  are  brought  about  by  heat  and  cold 
disappear  when  the  original  temperature  is  restored  (Hermann). 

When  the  whole  of  a  muscle  whose  external  surface  and  arti- 
ficial cross  section  are  connected  with  the  galvanometer  is  thrown 
into  contraction,  there  is  a  diminution  of  the  muscular  current,  a 
'negative  variation^  (du  Bois-Eeymond).  The  negative  variation 
can  be  proved,  in  the  case  of  a  single  muscular  contraction,  by 
causing  the  change  in  the  intensity  of  the  current  to  act  as  a 
stimulus  to  the  nerves  of  a  second  muscle.  (The  nerve  of  the 
second  muscle  is  brought  in  contact  with  the  longitudinal  and 
transverse  sections  of  the  first.)  For  every  contraction  of  the 
first  there  is  a  contraction  of  the  second  muscle  ('  secondary  con- 
traction'). If  the  first  muscle  be  tetanised,  the  second  one  also 
becomes  tetanic  (secondary  tetanus),  a  fact  which  proves  that 
in  tetanus  there  are  series  of  fluctuations  in  the  intensity  of  the 
muscular  current. 

[The  subjoined  diagram  illustrates  the  mode  of  proving  the  'negative  deflec- 
tion '  of  the  muscular  current  by  means  of  the  '  physiological  rheoscope.'    B  and 

Fig.  24. 


A  are  the  legs  of  a  recently-killed  frog,  with  a  considerable  length  of  each  cmral 
neiwe  attached  to  the  muscles.  If  the  nerve  of  muscle  A  be  placed  on  muscle  b 
so  that  both  transverse  and  natural  longitudinal  surfaces  touch  the  surface  of 
the  muscle,  and  if  then  the  nerve  of  A  be  subjected  to  a  single  stimulation,  there 
will  follow  a  simple  muscular  contraction,  "not  only  of  the  muscle  connected 
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with  the  nerve  directly  stimulated— viz.  b— but  also  of  the  muscle  A.  On  now 
tetanising  B  by  means  of  a  series  of  induction  shocks  applied  to  its  nerve,  mus- 
cle A  will  also  become  tetanic] 

The  '  negative  variation '  at  the  most  amounts  to  a  cessation 
of  the  current,  there  never  being  a  reversal  of  its  direction  (Bern- 
stein, du  Bois-Reymoud).  On  the  cessation  of  the  state  of  tetanus 
the  muscular  current  is  weaker  than  before  ('innere  Nachwirkung,' 
Roever,  du  Bois-Reymond). 

If  the  electrodes  in  contact  v?ith  a  muscle  are  so  situated  that, 
during  rest,  there  is  only  a  weak  current,  or  an  absence  of  current, 
it  is  observed  that  the  corresponding  variation  in  the  intensity  of 
the  current,  brought  about  by  the  contraction  of  the  muscle,  is  in 
the  first  case  very  small,  and  that  in  the  second  there  is  no  change 
(du  Bois-Reymond). 

When  the  nerves  going  to  a  muscle  which  is  uninjured  and, 
either  approximately  or  entirely,  free  from  electric  currents,  are 
excited,  contraction  leads  to  certain  electro-motive  manifestations 
for  which  no  general  law  has  been  yet  found ;  the  gastrocnemius, 
for  instance,  becomes  the  seat  of  a  descending  current  wliich  passes 
between  the  upper  and  lower  tendons ;  similarly,  during  contrac- 
tion, a  descending  current  is  observed  in  the  unskinned  lower  ex- 
tremity of  the  frog.  During  the  voluntary  tetanic  contractions  of 
the  muscles  of  the  human  arm  there  is  an  ascending  current,  whilst 
a  similar  contraction  of  the  leg  is  accompanied  by  a  descending 
current  (du  Bois-Reymond). 

The  negative  variation  of  uninjui'ed  muscle  is  distinguished  from  that  de- 
pending on  an  artificial  transverse  section  by  the  fact  of  its  persistent,  unbroken 
course,  and  by  a  more  perceptible  after-eft'ect ;  this  after-effect,  which  adds  it- 
self to  the  internal  after-efl'ect  (innere  Nachioirkung,  see  above),  must  depend 
upon  the  fact  that  tetanus  leaves  behind  it  electro-motive  effects  in  the  natural 
terminations  of  the  fibres,  which  are  directed  from  the  longitudinal  section 
towards  the  tendons  (du  Bois-Reymond). 

If  a  bundle  of  fibres  be  stimulated  near  one  of  its  termina- 
tions, so  that  a  v/ave  of  contraction  runs  along  it,  it  is  noticed  that 
the  different  spots  in  succession  on  the  longitudinal  surface  become 
negative  in  reference  to  other  spots,  there  being  a  negative  wave, 
as  it  were,  which  travels  along  at  the  same  rate  as  the  wave  of 
contraction,  viz.  about  three  metres  per  second  (Bernstein  ').  At 
each  point  the  negative  state,  which  first  increases  and  then  de- 
creases, lasts  about  -g-oo'*'^  ^  second ;  it  is  entirely  gone  by  the 
end  of  the  '  latent  period,'  which  lasts  y^th  of  a  second.  Every 
point  in  a  fibre  must  therefore  first  of  all  undergo  electrical  changes 
before  contracting  (Helmholtz,  Holmgren);  or,  in  other  words, 
the  wave  of  muscular  contraction  is  immediately  preceded  by  a 
negative  wave.  This  wave  of  negative  tension  diminishes  in  in- 
tensity as  it  runs  along  (Bernstein). 

The  statement  that  this  negative  wave  diminishes  in  intensity 

1  Bernstein,  Untermchungen  iiber  d.  Errequngstorgang  im  Nerven  und  Muskchi/steme. 
Heidelberg,  1871.  ^      ^  j 
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as  it  travels  on  (Bernstein),  appears  only  to  apply  to  the  case  of 
muscle  which  is  dying  (du  Bois-Eeymond). 

Formerly  the  electro-motive  changes  which  occur  during  tetanus  could  alone 
lie  perceived  by  means  of  the  galvanometer,  because  the  inertia  of  the  magnet 
prevented  its  following  the  very  rapid  deflection  occasioned  by  a  simple  mus- 
cular contraction.  Lately  it  has  been  possible  (Hermann),  with  very  light 
magnets,  to  obtain  powerful  deflections  even  with  simple  muscular  contractions. 
The  duration  of  the  variation  is  determined  by  closing  for  an  instant  the  galva^ 
nometer  circuit  at  diflerent  periods  after  the  stimulation  of  the  muscle.  In 
order  to  -  obtain  appreciable  results  the  stimulation  of  the  muscle  and  the 
closure  of  the  galvanometer-circuit  may  be  made  to  follow  one  another  repeat- 
edly in  rapid  succession  and  at  constant  intervals,  by  causing  the  necessary  elec- 
trical contacts  to  be  made  at  the  periphere  of  a  rapidly  rotating  wheel ;  such  an 
instrument  is  the  rotating  or  repeatimj  rheotome,  or  '  JJifererdial-Rheotome  '  of 
Bernstein'.  The  feeble  but  successively  equal  individual  effects  sum  themselves 
up  then  so  as  to  produce  a  permanent  deviation.  With-  a  very  delicate  galva- 
nometer repetition  may  be  dispensed  with  (Fall-Rheotora  of  Hermann 

In  the  case  of  an  uninjured  gastrocnemius,  a  simple  muscular  contraction, 
induced  through  the  nerve,  is  accompanied  by  a  double  deviation  {'  doppelsinntffe 
Ableiilcuny ')  which  is  at  first  descending  and  then  ascending  (S.  Mayer). 

For  the  explanation  of  the  electro-motive  phenomena  of  muscle 
the  two  following  opposed  hypotheses  have  been  advanced : — 

According  to  the  older  of  these—  that  of  du  Bois-Reymond, 
which  may  be  designated  the  '  Pre-e.xistence  doctrine'  or  the 
*  Molecular  theory' — each  muscular  iibre  contains  within  its  interior 
electro-motive  molecules,  which  are  suspended  in  regular  order  in 
a  conducting  liquid.  As  these  molecules  all  present  positive  sur- 
faces towards  the  longitudinal  sections,  and  negative  surfaces 
towards  the  transverse  sections  of  a  muscle,  the  former  possess 
positive  and  the  latter  negative  electrical  tension.    Every  cross 


Fig.  25. 


DIAGRAM  EXHIBITING  THE  HYPOTHETICAI.  AKRANGEIMKNT  OF  ELECTROMOTOR 
MOLECULES  IN  MUSCLE,  AND  THE  DIRECTION  OF  THE  MUSCULAR  CURRENT. 

L  s  is  the  longitudinal  surface,  t  s  is  the  transverse  surface,  of  the  muscle. 

section,  or  the  action  of  caustics,  &c.,  lays  bare  new  negative  sur- 
faces. During  contraction  or,  rather,  during  the  latent  stage  which 
precedes  it,  the  electric-potential  of  these  molecules  changes,  so 
that  during  the  complete  contraction  of  a  muscle  its  current 
diminishes  as  a  whole,  whilst  during  partial  contraction  the  tract 
of  the  muscle  which  is  involved  in  contraction  resembles  in  its 
behaviour  an  indifferent  conductor,  which  now,  in  virtue  of  the 
negative  elements  of  the  portion  of  fibre  at  rest  which  are  con- 

1  Hermann,  '  Untersuchungea  iiber  die  Entwicklung  des  Muskelstroms,'  Pfliiger'f 
4rchiv.  1877. 
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tiguous  to  it,  comports  itself  negatively  in  reference  to  the  remain- 
ing portion  of  the  fibre.  In  order  to  explain  how  it  is  that  the 
natural  terminations  of  the  muscular  fibres  do  not  behave  (as  they 
ought  to  do  if  the  above-mentioned  scheme  held  in  its  entirety) 
exactly  like  an  artificial  cross  section,  it  is  assumed  that  in  contact 
with  the  ends  there  is  a  layer  of  abnormally  arranged  ('parelectro- 
nomic ')  elements,  which  present  positive,  and  not  negative,  sur- 
faces towards  the  natural  cross  section ;  the  greater  the  number  of 
these  elements  present  the  more  free  is  the  muscle  from  electrical 
currents,  or  the  direction  of  the  current  may  even  be  reversed. 
The  development  of  parelectronomic  elements,  which,  however, 
are  never  entirely  wanting,  is,  as  must  be  assumed,  promoted  by 
the  action  of  cold,  &c. 

The  other  theory  (Hermann'),  which  may  be  designated  the 
'Difi"erence-theory,'  because  it  refers  all  the  phenomena  to  differences 
in  condition  of  the  same  fibre,  explains  them  as  proceeding  from 
two  actions  of  contact.  There  are  two  sets  of  circumstances  under 
which  muscular  tissue  comports  itself  as  electrically  negative  with 
respect  to  living,  inactive  muscle,  viz, :  (1)  when  it  is  dying  (enter- 
ing into  rigor),  and  (2)  when  it  is  in  activity,  or,  more  exactly, 
during  the  latent  period  preceding  contraction.  The  former  case 
is  taken  to  explain  the  negative  state  of  every  artificial  cross 
section  of  a  living,  inactive,  muscular  fibre  with  respect  to  its 
exterior,  for,  at  every  artificial  cross  section  between  the  already 
dead,  and  therefore  indifferent,  portions  of  the  muscular  fibre  and 
those  which  are  still  living,  there  is  found  a  layer  just  in  the  act 
of  passing  into  rigor.  Hence,  all  the  phenomena  of  tlie  currents 
of  muscle  at  rest  (p.  285)  are  explicable.  The  latter  case  is  cited 
to  explain  all  the  phenomena  of  muscle  after  stimulation,  especially 
the  diminution  of  the  muscle  current  on  irritation  of  the  injured 
fibre  in  toto,  and  the  negative  condition  of  the  wave  of  contrac- 
tion with  respect  to  the  rest  of  the  muscle  tube. 

In  order  to  explain  the  behaviour  of  currentless  muscles  to  in- 
direct stimulation  (see  p.  291),  both  theories  must  assume  that 
the  ends  of  the  muscular  fibres  become  more  feebly  excited  and 
less  negative  than  the  remainder.  The  theory  of  du  Bois-Reymond 
explains  this  by  the  definite  supposition  that  the  parelectronomic 
molecules  take  less  part  in  the  effects  of  irritation  than  the  normal 
molecules ;  the  theory  of  Hermann  rests  satisfied  provisionally  with 
the  statement  of  the  proposition ;  the  conclusion  which  has  been 
arrived  at  from  the  diminution  which  the  wave  of  excitation  under- 
goes as  it  travels  on,  does  not  appear  to  apply  to  the  case  of  fresh 
muscle  (compare  p.  291). 

At  the  time  of  the  terminal  after-effect  noticed  at  p.  291,  the  application  of 
caustic  to  the  tendons  causes  a  more  powerful  development  of  curi'ents  than 
before.  From  this  it  has  been  furtlier  concluded  (du  Bois-Reymond)  that  the 
waves  of  excitation,  when  they  reach  the  ends  of  the  fibres,  generate  there  par- 

1  Hermann,  Weitere  Vntersuchungen  iiher  den  Staff wechsel  im  Muskel. 
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electronomic  molecules  or  increase  the  activity  of  those  already  present;  further, 
that  the  parelectronomic  state  only  depends  upon  terminal  after-effects.  And  yet 
it  has  been  impossible  to  render  muscles  parelectronomic  by  tetanizing  the  body. 

The  previously-mentioned  (p.  289)  influence  of  temperature  would,  accord- 
ing to  du  Bois-Reymond's  theory,  be  explained  by  heat  increasing  the  actual 
energy  of  the  molecules  and  cold  decreasing  it.  Hermann's  theory  assumes  a 
development  of  electricity  by  the  contact  of  warmer  with  colder  muscular  con- 
tents, resulting  in  the  negativity  of  the  latter. 

Decisive  grounds  for  opposing  the  theory  of  du  Bois-Reymond 
are  the  following  :  the  complete  absence  of  current  in  uninjured 
muscles  (p.  289);  further,  the  fact  that,  after  making  a  cross 
section,  the  muscular  current  is  not  instantly  present  in  full  force, 
but  requires  at  least  ^oo-*^  ^  second  for  its  development,  this 
time  being  prolonged  under  the  influence  of  cold  (Hermann'). 

Besides  the  much  greater  simplicity  of  the  Diflerence-theory,  it  is  commended 
to  us  by  the  analogy  between  the  processes  of  activity  and  rigor,  of  which  we 
shall  speak  more  hereafter — an  analogy  which  the  theory  renders  complete. 
Further,  the  currents  in  glands  containing  blood,  as  well  as'  those  of  sections  of 
plants  (BulF,  Hermann)  and  of  other  protoplasmic  tissues,  may  he  easily  ex- 
plained by  perfectly  analogous  surmises^  whilst  they  are  beyond  the  reach  of 
the  molecular  theories. 

Concerning  the  effects  of  electrical  currents  upon  muscles,  reference  should 
be  made  to  the  chapter  on  Nerves  (Chapter  IX.) 


The  Chemical  Processes  of  Muscle  in  a  State  of  Rest. 

Very  little  has  yet  been  discovered  respecting  the  chemical 
process  taking  place  in  resting  muscle.  As  muscular  tissue  con- 
tinually effects  the  conversion  into  venous  blood  of  the  arterial 
blood  flowing  to  it,  chemical  processes  must  occur  in  it,  in  which 
oxygen  is  used  and  carbonic  acid  formed.  Certain  observations 
which  will  be  detailed  afterwards  render  it  probable  that  these 
processes  (viz.  the  use  of  oxygen  and  the  formation  of  carbonic 
acid)  are  not  identical,  but  only  take  place  side  by  side. 

In  excised  muscles  (and  here  it  is  best  to  use  those  of  cold-blooded  animals, 
as  they  retain  for  a  long  time  the  properties  of  normal  living  muscle)  an  absorp- 
tion of  oxygen  and  an  excretion  of  carbonic  acid  may  be  detected  (du  Bois- 
Reymond,  G.  Liebig)  ;  as  also  in  muscles  which  have  been  deprived  of  blood. 
These  operations  cannot  therefore  be  ascribed  to  the  blood  in  the  blood  vessels 
of  the  muscle,  but  to  the  muscular  substance  itself.  As  the  same  gaseous 
exchanges  are  exhibited  by  muscle  in  a  state  of  rigor  as  by  living  muscle  (Her- 
mann), they  cannot,  at  least  in  by  far  the  majority  of  cases,  be  considered  as 
the  result  of  functional  processes,  but  must  be  regarded  as  due  to  putTefactive 
changes  which  occur  especially  at  the  surface  of  the  muscle  and  at  the  exposed 
transverse  sections.  The  amount  of  such  gaseous  exchanges  in  accordance 
with  this  theory,  being  greater  the  larger  the  surface  of  the  muscle  exposed,  and 
the  nearer  it  is  to  absolute  putrefaction. 

As,  however,  excised  muscles  retain  their  vitality  under  certain  circumstances 
somewhat  longer  in  air  or  oxygen  than  in  hydrogen  or  other  indifferent  gases 
which  contain  no  oxygen  (Humboldt,  G.  Liebig,  Hermann  *),  it  must  be  admitted 

1  Hermann,  Untersuchnngen  iiber  die  Entwicklung  des  Muskehtroms.  1877. 

2  Hermann,  Untersuchungen  iiber  den  Stoffwechsel  der  Mnskehi,  atisgeliend  vom  Gase- 
wechsel  derselbeii.    liurlin,  18G7. 
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that  some  slight  absorption  of  oxygen  connected  with  the  functions  of  the  muscle 
does  take  place,  which  is,  nevertheless,  too  small  to  account  for  the  gaseous 
exchano-es  above  mentioned.  That  the  physiological  absorption  of  oxygen  in 
muscles  through  which  blood  is  passing  is  much  greater  than  in  those  which  are 
excised,  and  so  removed  from  the  circulation,  may  be  accounted  for  by  the  fol- 
lowing'circiunstances :  1.  That,  in  the  former  case,  a  much  greater  extent  of 
sm-face  is  exposed  to  the  operation  of  the  oxygen-carrier,  viz.  the  blood,  than  in 
the  latter,  where  the  oxvgen- carrier  is  the  atmosphere  and  the  surface  exposed 
the  external  superficies."  2.  That  the  oxygen  of  the_ blood,  which  is  combined 
with  hjBmoglobin,  may  possibly  have  special  properties  more  favourable  to  its 
transference  to  the  muscular  substance  than  those  of  the  free  atmospheric  oxygen. 
;3.  That,  in  the  process  of  combination  of  oxygen  with  the  muscle  substance,  other 
bodies  are  needed  which  are  not  found  in  muscle  itself,  but  are  conveyed  to  it 
by  the  blood. 

Nothing  further  has  been  directly  made  out  concerning  the 
chemical  processes  of  resting  muscle ;  but  certain  conclusions  may 
be  drawn  from  the  appearances  of  muscle  during  contraction  and 
rigor ;  reference  will,  therefore,  be  presently  made  to  this  matter. 

The  Chemical  Processes  of  Muscle  in  a  State  of  Activity. 

The  following  chemical  processes  have  been  shown  to  occur  in 
active  muscle  : — 

1.  Carbonic  acid  is  formed  and  given  up  to  the  blood,  or  in 
the  case  of  excised  muscles,  to  the  air.  This  excretion  of  carbonic 
acid  is  considerably  greater  during  states  of  activity  than  of  rest. 
It  occurs  in  excised  muscles  (Matteucci,  Valentin)  as  well  as  in 
those  of  a  living  animal  or  in  those  through  which  a  stream  of 
blood  is  artificially  maintained ;  in  the  latter  case  the  venous  blood 
yields  more  carbonic  acid  while  the  muscle  is  active  than  while  it 
is  at  rest  (Ludwig  and  Sczelkow,  Ludwig  and  Schmidt).  The 
whole  body  excretes  more  carbonic  acid  during  periods  of  activity 
than  when  in  repose  (Eegnault  and  Reiset). 

2.  Muscles  in  the  body,  and  muscles  through  which  blood  is 
artificially  forced,  consume  more  oxygen  during  activity  than 
during  rest,  as  is  proved  by  the  fact  that  venous  blood  contains 
less  oxygen  in  the  former  case  than  in  the  latter  (Ludwig  and 
Sczelkow,  liudwig  and  Schmidt).  The  whole  organism,  also,  re- 
quires more  oxygen  during  exertion  than  at  other  times  (Regnault 
and  Reiset) ;  but  the  difference  is  much  less  than  that  between  the 
amounts  of  carbonic  acid  excreted  under  the  same  circumstances 
(Pettenkofer  and  Voit). 

In  the  case  of  excised  muscles  while  in  action,  an  increased  consumption  of 
oxygen  cannot  be  detected  by  direct  measurement  (Hermann). 

The  absorption  of  oxygen  is  not  immediately  demanded  for 
the  purposes  of  contraction,  as  muscles  are  capable  of  continued 
exertion  in  a  vacuum  or  in  an  atmosphere  containing  no  oxygen. 
Muscles,  moreover,  contain  no  store  of  oxygen  which  is  capable  of 
removal  by  exposure  to  a  vacuum  (Hermann). 
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3.  During  a  period  of  activity  muscle  becomes  add  (du  Bois- 
Reymond  just  as  in  rigor;  probably  the  acid  is  the  same  in  both 
cases. 

4.  The  composition  of  muscle  alters  during  activity  in  such  a 
manner  that  the  constituents  which  are  soluble  in  water  decrease 
in  quantity,  while  those  soluble  in  alcohol  increase  (Helmholtz  2). 

The  ahove  are  the  only  processes  which  are  certainly  Iniown  to  take  place  in 
contracting  muscle.  Others  have,  in  addition,  been  mentioned,  some  of  which 
have  been  the  result  of  faulty  methods  of  observation,  while  others  have  been 
disproved,  or  rendered  doubtful,  by  the  occurrence  of  opposite  results.  The  two 
chief  methods  of  investigation  employed  are  the  following:  1.  The  comparison 
of  the  excreta  of  the  organism  during  rest  and  exertion  :  from  the  list  of  sul>- 
stances  excreted  in  greater  quantity  during  exertion,  conclusions  may  be  drawn 
as  to  the  substances  used.  2.  The  comparison  of  the  chemical  composition  of 
muscles  (preferably  of  the  same  animal)  after  periods  of  repose  and  of  continued 
exertion.  In  these  experiments  muscular  exertion  may  be  undergone  either 
(a)  by  muscles  in  the  living  animal  (as,  e.g.  by  inducing  the  tetanic  convulsions 
of  strychnia-poisoning,  one  limb  being  kept  at  rest  by  the  previous  division  of 
its  nerves),  or  (/3)  by  excised  muscles. 

There  exists,  however,  in  the  second  method  of  investigation,  a  source  of 
error  which  renders  useless  the  majority  of  the  expeiiments.  It  will  appear 
from  what  is  said  hereafter  that  the  chemical  processes  occurring  during  con- 
traction and  rigor  are  identical  in  nature ;  indeed,  two  similar  excised  muscles, 
after  having  undergone  rigor,  have  exactly  the  same  composition  (except  as  re- 
gards the  amounts  of  carbonic  acid  excreted),  whether  one  has  previously  been 
in  a  state  of  activity  or  not.  As,  now,  the  requirements  of  chemical  analysis 
are  almost  always  such  as  to  induce  immediate  rigor  in  the  muscles  under  ex- 
periment (they  have  to  be  at  once  '  scalded '),  we  cannot  expect  to  find  any  dif- 
ference in  composition  in  the  case  O)  where  excised  muscles  are  used ;  and  if 
differences  do  appear,  no  certain  meaning  can  be  attached  to  them.  In  the  case 
(a),  on  the  other  hand,  where  the  exertion  is  undergone  by  the  living  animal, 
the  blood  current  continually  removes  the  products  of  the  material  exchanges 
occurring  during  the  periods  of  activity,  in  consequence  of  which  the  muscles 
which  have  been  contracting  contain,  after  rigor,  less  of  those  products  than 
those  which  have  been  at  rest.  If,  now,  we  regard  as  the  products  of  activity 
those  substances  only  which  we  can  find  in  increased  amount  in  the  muscles 
which  have  been  active,  we  shall  commit  an  error  (if  the  occurrence  of  rigor  is 
not  prevented)  which  will  lead  us  to  conclusions  exactly  the  reverse  of  the  truth. 
The  following  are  the  chief  theories  of  the  material  exchanges  occurring  inactive 
muscle: — 

1.  That  muscles  in  contracting  consume  (o.vidtze)  albuminous  bodies.  This 
theory  rests  upon  (a)  a  supposed  increase  in  the  amount  of  urea  excreted  dui-iug 
nuiscular  exertion,  which,  however,  does  not  really  occur  (Voit)  ;  (6)  a  supposed 
diminution  in  the  albumiu  contained  in  muscles  during  their  activity  (J.  Ranke) 
— a  diminution  which,  according  to  others  (Nawrocki),  is  slight  enough  to  be 
set  down  to  the  unavoidable  errors  of  experiment  apart  from  the  considera- 
tion of  the  important  error  above  mentioned ;  (c)  a  supposed  accumidation  in 
active  muscles  of  nitrogenous  products  of  oxidation,  viz.,  of  creatine  (J.  Liebig, 
Sorokin,  Sczelkow — the  presence  of  which  was  not  confirmed  by  the  researches 
of  Nawrocki),  hypoxanthiue,  &c.  (Scherer) ;  such  an  accumulation  appears 
to  occur  under  certain  circumstances,  but  not  as  the  immediate  result  oi  mus- 
cular exertion. 

2.  That  muscles  jjroduce,  dunng  activity,  grape  sugar  (J.  Eanke  ') :  the  sup- 

1  Du  Bois-Rcymond,  Ueber  angehlick  saure  Reaction  des  Muskelf  eisches.  Reprinted  in 
his  Oesamntehe  Ahhanlilungen.    Vol.  ii.  p.  3. 

"i  \\<i\m\\o\t7.,  Arcliiv  f.  Anat.  u.  Phtjs.    1845,  p.  .72. 

5  Ranke,  Tetanus.  Eiiie  physiologische  Skizze.    Leipzig,  1865. 
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posed  increase  is,  lioweTer,  so  extremely  slight  (0-005  per  cent.),  that,  apart 
from  what  has  been  said  above,  it  cannot  form  the  basis  for  any  conclusions. 

8.  That  muscles  produce,  durinfj  activity,  fats  (J.  Ranke)  :  this  statement  is 
useless  as  long  as  the  intramuscular  nerves,  a  great  part  of  which  is  soluble  in 
ether,  are  not  excluded. 

4.  That  muscles  during  contraction  oxidize  volatile  fatty  acids  (Sczellcow)  : 
for  the  reasons  before  mentioned  the  experiments  cannot  be  regarded  as  afford- 
ing conclusive  proof. 

On  the  whole,  therefore,  we  must  reject  Ranke's  theories,  based  upon  the 
data  given  above,  that  active  muscle  consumes  albumin  and  forms  creatine,  sugar 
(lactic  acid),  fats  and  carbonic  acid. 

With  regard  to  the  influence  of  muscular  work  upon  the  total  exchanges  of 
the  body,  the  following  are  the  principal  statements :  — 

1  (already  mentioned).  The  interchanges  of  gases  increase  during  activity, 
the  diminution  of  00^  more,  however,  than  the  absorption  of  oxygen. 

2.  The  excretion  of  urea  and  of  total  nitrogen  is  said  to  increase  during 
work;  this  is,  however,  not  usually  the  case  (Voit),  and  has  never  been  rigo- 
rously proved  in  a  case  of  sustained  labour. 

3.  The  acidity  of  the  urine  is  said  by  some  to  be  increased  by  work  (Kliipfel), 
but  this  is  denied  by  others  (Sawicki,  Pavy). 

The  chemical  processes  which  occur  in  active  muscle  are  not 
yet  sufficiently  apparent ;  yet,  indirectly,  there  are  some  points  of 
view  which  we  must  examine. 


Interdependence  of  the  Phenomena  of  Muscle,  and  Theories  of 

Muscular  Activity. 

No  satisfactory  explanation  of  all  the  phenomena  exhibited  by 
muscle  as  yet  exists.  The  most  enigmatical  of  these  phenomena, 
the  diminution  in  length  after  stimulation,  has  hitherto  been  re- 
garded by  most  thinkers  as  a  sudden  approximation  of  the  smallest 
particles  of  the  muscle  in  a  longitudinal  direction,  the  ultimate 
cause  of  which  is  a  suddenly  increased  process  of  combustion.  Still 
no  special  means  of  establishing  the  truth  of  this  surmise  has 
hitherto  been  possible.  When,  however,  one  starts  from  the 
numerous  analogies  which  exist  between  the  processes  of  activity 
and  rigor,  one  is  led  to  more  promising  speculations  (Hermann). 

Analogies  between  A  ctivity  and  Rigor. 

1.  The  chemical  process  dining  the  contraction  and  rigor  of 
muscle  is  most  probably  identical ;  for  {a)  given  two  similar  mus- 
cles cut  out  of  the  body,  if  one  be  thrown  into  rigor  directly,  but 
the  other  only  after  prolonged  exertions,  it  is  found  that  the  total 
amount  of  carbonic  acid  produced  in  the  two  cases  is  the  same ;  it 
follows  that  the  carbonic  acid  produced  during  tetanus  and  during 
rigor  must  spring  from  the  same  source.  It  is  actually  found  that 
rigor  yields  so  much  less  carbonic  acid  the  greater  the  quantity 
already  liberated  during  tetanus  (Hermann),  {h)  The  same  holds 
true  m  the  case  of  the  acid  produced ;  at  any  rate  a  muscle  which 
has  been  severely  worked  in  the  body,  produces  less  acid  after  it  is 
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cut  out  of  the  body  and  become  rigid  than  one  which  has  been 
inactive  (J.  Ranke). 

2.  Both  during  contraction  and  during  rigor  the  muscle  be- 
comes shorter  and  thicker,  and  its  elasticity  decreases  at  the  same 
time  that  its  volume  diminishes. 

3.  Heat  is  generated  in  both  cases. 

.  4.  In  both  acts  the  muscular  contents  behave  negatively  in 
reference  to  the  unaltered  (resting,  living)  substance. 

There  occur  transitional  conditions  between  contraction  and 
rigor,  as  the  '  idiomuscular  contractions '  on  strong  direct  stimula- 
tion of  muscle,  and  especially  of  dying  muscle  ;  further,  the  con- 
dition induced  by  stimulating  muscles  poisoned  with  veratria  or 
similar  muscular  poisons ;  these  contractions  may  continue  a 
longer  time,  become  permanent,  and  then  constitute  rigor. 

Whilst  in  former  times  rigor  mortis  used  to  be  considered  as 
indicating  the  last  flickering  of  the  vital  activity,  now  that  the 
nature  of  rigor  has  been  recognized  it  is  more  correct  to  compare 
contraction  to  a  transitory  rigor,  all  of  whose  characteristics  it 
possesses  save  only  the  separation  of  myosin  ;  yet  even  the  latter 
process  may  possibly  occiu  at  each  contraction,  and  stand  in  the 
same  close  relation  to  it  as  to  rigor. 

Were  myosin  to  Feparate  as  a  coagulum  in  the  miiscular  contents,  but  dis- 
solve again  immediately,  we  should  have  no  means  of  discovering  it.  The  con- 
nection between  contraction  and  a  process  of  coagulation  finds  an  analogy  in 
the  fact  that  tihrous  tissues  containing  proteids  (tendons,  nerves,  &c.),  as  well  as 
fresh  flakes  of  fibrin,  contract  just  about  the  temperatm-e  of  coagulation  in  the 
direction  of  their  fibres  (Hermann)  ;  a  phenomenon  which  we  must  confess  to 
be  as  little  explained  as  is  the  shortening  which  occurs  dm-ing  the  coagulation 
of  rigor. 

Nature  of  the  Chemical  Processes  in  Muscle. 

The  chemical  processes  which  occur  during  muscular  contrac- 
tion, no  less  than  during  rigor,  are  independent  of  a  supply  of 
oxygen ;  for  muscle  can  contract  in  vacuo  or  in  indifferent  gases. 
Further,  as  there  is  no  store  of  oxygen  in  muscle,  the  chemical 
process  cannot  be  one  of  oxidation,  but  it  is  a  decomposition  asso- 
ciated with  the  saturation  of  stronger  affinities,  so  that  a  conversion 
of  potential  into  kinetic  energy  occurs.  As  products  of  decom- 
position there  appear  carbonic  acid,  a  fixed  acid  (lactic  acid, 
glycerin- phosphoric  acid),  and  probably  also  a  proteid. 

Of  the  products  of  decomposition  the  first  two  are  carried  away 
by  the  circulation,  but  the  proteid  probably  not;  because  the 
evidences  of  a  consumption  of  albumin  during  muscular  work  are 
wanting.  But  not  only  does  the  circulation  exert  a  restorative 
action  by  removing  these  waste  products,  but  apparently  also  by 
supplying  material  to  take  the  place  of  that  which  has  been  con- 
sumed. It  is  known  that  blood .  carries  oxygen  to  the  muscle, 
especially  during  its  activity ;  but  necessarily  an  organic  substance 
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must  also  be  supplied  with  it,  otherwise  the  muscle,  giving  up  car- 
bonic acid  and  organic  acids,  would  progressively  become  poorer  in 
carbon. 

Hitherto  our  statements  have  contained  nothing  hypothetical.  _  When  we 
try  further  to  conceive  how  the  processes  of  decomposition  and  restitution  pro- 
ceed, we  enter,  however,  upon  the  province  of  surmises.  The  simplest  con- 
ception requires  us  to  assume  the  existence  in  muscle  of  a  substance  which  is, 
as  it  were,  the  substratum  of  the  decompositions  ;  a  substance  which  we  may 
designate  the  '  energy-yielding '  or  '  inogen '  substance,  which  necessarily  must 
be  highly  complex,  and  which  (like  haemoglobin)  numbers  amongst  its  products 
of  decomposition  a  proteid.  As,  amongst  the  products  of  decomposition, 
myosin  remains  in  muscle,  it  appears  most  likely  that  it  is  used  up  again  in  the 
process  of  restitution,  which  may  consist  in  a  synthesis  associated  with  oxida- 
tion, a  synthesis  in  which  the  'inogen'  substance  is — with  the  aid  of  oxygen  and 
an  extraneous  organic  substance  (which  has  been  surmised  to  be  glycogen,  of 
which  substance  the  muscle  contaius  a  store) — built  up  ao-ain  out  of  myosin. 
According  to  this  conception  myosin  would  go  thi'ough  a  kind  of  chemical  cir- 
culation in  muscle. 

Eigor  after  arrest  of  circulation  can  only  depend  upon  the  fact 
that  the  process  of  decomposition  is  continually  proceeding  at  a 
slow  rate  in  muscle,  comparatively  quickly,  however,  under  the  in- 
fluence of  heat  and  in  warm-blooded  animals  ;  and  that  when,  by 
a  cessation  of  the  process  of  restitution  through  the  blood,  an 
exhaustion  of  the  supply  of  materials  occurs,  rigor  follows.  The 
action  of  stimuH  must  consist  in  sudden,  almost  explosive,  accelera- 
tions of  the  process  of  decomposition.  Whilst  the  muscle  is  con- 
tracting, therefore,  its  exhaustion  is  not  a  far  distant  probability, 
and  there  is  therefore  a  need  for  increased  restitution ;  the  accele- 
ration of  the  blood  supply  is  adapted  to  effect  this  purpose.  The 
independence  of  the  COg-producing  process  of  decomposition  and 
the  oxygen-consuming  process  of  restitution  explains  the  fluctua- 

CO 

tions  in  the  quotient  — -,  and  accounts  for  its  increase  during 

activity,  both  for  the  needs  of  the  muscle  and  of  the  whole 
organism. 

The  instability  of  the  perpetually  decomposing  inoc/en  substance  renders  its 
separation  most  probably  impossible.  The  greater  affinities  for  oxygen  of  active 
or  recently  active  muscle  (which  in  separated  muscle  maybe  determined  directly 
by  its  powers  as  a  reducing  agent,  Griitzner,  Gscheidlen)  are  probably  to  be  as- 
cribed to  the  products  of  decomposition.  Fatigue  consists  in  the  process  of 
restitution  lagging  behind  that  of  decomposition,  and  it  is  therefore  an  altera- 
tion which  tends  towards  rigor. 

According  to  the  theory  which  has  just  been  propounded,  only  non-nitroge- 
nous substances  are  really  used  up.  This  is  supported  by  the  observation  that 
the  excretion  of  urea  is  not  increased  by  muscular  exertion  (Voit).  Attempts 
have  been  made  to  reconcile  this  observation  with  the  consumption  of  nitroge- 
nous material ;  firstly,  by  the  supposition  that  the  consumption  of  material  by 
muscle  wa,s  not  in  general  increased  dming  activity,  and  that  therefore  the  same 
amount  of  energy  was  liberated  as  when  the  muscle  was  at  rest,  but  in  another 
form  (Voit)  ;  and,  secondly,  by  the  theory  that  the  increase  in  the  amount  of 
the  material  exchanges  produced  by  exertion  was  counteracted  by  a  correspond- 
ing diminution  immediately  afterwards  (J.  Rauke).  That  neither  explanation 
13  correct  is  shown  by  the  fact  of  the  increase  in  the  excretion  of  OOj  both  at 
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the  very  time  of  muscular  exertion,  and  during  longer  periods  of  work  alternated 
with  rest.  Since  it  was  first  staled  that  non-nitrogenous  substances  only  were 
used  up  during  muscular  exertion  (M.  Traube),  it  has  been  directly  shown  that 
the  quantity  of  albuminous  materials  used  up  during  the  time  of  exertion,  cal- 
culated Irom  the  urea  excreted,  is  not  sufficient,  even  when  an  excessive  heat  of 
combustion  is  assumed,  to  account  for  the  work  done  (expressed  in  heat-units) 
(Fick  and  Wisliceuus,  Frankland). 

Numerous  questions  in  muscular  physiology  elude,  as  yet,  all 
attempts  to  answer  them ;  as,  for  instance,  the  exact  explanation 
of  the  act  of  shortening — even  admitting  that  it  depends  upon 
coagulation — the  cause  of  the  immediate  disappearance  of  shorten- 
ing, the  significance  of  the  transverse  striation,  the  relation  of  the 
thermic  and  electrical  phenomena  to  the  chemical  processes. 

The  uses  of  voluntary  muscles  in  the  body  will  be  described  in 
the  Appendix  to  this  chapter. 

The  sensory  powers  of  muscle  are  discussed  in  Chapter  X. 

h.  SmootJi  Muscles. 

The  '  smooth '  or  '  organic  '  muscles  occasion  tlie  less  energetic 
and  slower  movements  of  those  organs,  especially  the  alimentary 
viscera,  which  are  not  subjected  to  the  influence  of  the  will.  They 
form,  for  the  most  j)art,  membraniform  expansions  of  varying  thick- 
ness (tuniccB  musculosoi),  which  are  always  fibrillated  in  a  definite 
direction,  and  often  so  as  to  be  divisible  into  layers.  These  expan- 
sions consist  of  long,  spindle-shaped  elements,  which  lie  with  theii- 
longitudinal  axes  in  the  direction  of  the  fibrillation.  The  spindle- 
shaped  elements  do  not,  like  the  elements  of  transversely  striated 
muscle,  each  run  the  whole  length  of  the  fibrillated  tract,  but  they 
are  arranged  in  rows,  end  to  end.  They  are  regarded  as  elongated 
cells  which  are  not  known  certainly  to  possess  a  membrane  (sarco- 
lemma),  but  which  contain  a  somewhat  long  nucleus.  The  latter 
is  said  by  some  observers  (Frankenhauser)  to  be  at  the  same  time 
a  nervous  end-organ,  though  others  (Schwalbe,  Arnold,  Hertz)  deny 
this.  The  cells  never  exhibit  any  trace  of  transverse  striation,  but 
there  is  sometimes  an  indication  of  a  striation  in  a  longitudinal 
direction.  They  are  called  '  smooth  muscular  fibres  '  or  '  contrac- 
tile fibre-cells.' 

An  examination  in  polarized  light  shows  that  smooth  muscular  fibres  also 
contain  doubly  refractive  bodies  (disdiaclasts),  which  are  not,  however,  arranged 
so  regularly  as  in  transversely  striated  muscle,  but  are  scattered  throughout  the 
whole  mass,  so  as  to  give  the  whole  fibre  the  appearance  of  being  doubly  refrac- 
tive (Briicke).  According  to  more  recent  theories  (Engelmaun)  the  division 
of  the  masses  of  smooth  muscle  into  sinndle-shaped  elements  is  considered  to  be 
a  phenomenon  of  death,  and  not  to  be  pre-existent. 

The  chemical  constituents  of  smooth  muscular  fibres  are  appa- 
rently the  same  as  those  of  transversely  striated  muscle.  The 
existence  of  a  spontaneously  coagulable  substance  may  be  assumed 
from  the  circumstance  of  the  occurrence  of  death-rigor.    As  their 
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reaction  is  constantly  neutral  or  alkaline  (du  Bois-Reymond),  it 
cannot  be  decided  whether  rigor  in  this  case  is  accompanied  by 
the  formation  of  an  acid ;  since  an  acid  might  be  generated  in 
quantity  insufficient  to  overcome  the  alkali  present.  The  muscles 
of  the  contracted  uterus  are  acid  to  test  paper  (Siegmund). 

The  properties  of  the  two  classes  of  muscles  are,  as  far  as  they 
have  been  investigated,  almost  identical ;  but  the  respiration,  the 
chemical  changes  due  to  activity,  the  electrical  conditions,  the 
formation  of  heat,  &c.  of  smooth  muscles  have  not  yet  been  made 
out.  The  activity  of  smooth  muscle  manifests  itself  mechanically 
in  the  form  of  a  diminution  in  length,  which  proceeds  according 
to  the  same  laws  as  in  the  case  of  transversely  striated  muscle, 
but  at  a  much  slower  rate — so  much  slower  that  the  individual 
phases  (latent  period,  gradual  shortening  and  re-extending)  may 
be  perceived  without  any  assistance ;  that  is  to  say,  after  stimu- 
lation a  considerable  time  elapses  prior  to  contraction,  which 
takes  place  very  slowly,  is  maintained  for  some  time  at  its  maxi- 
mum, and  afterwards  gradually  disappears.  Where  muscular  bands 
exist  (as  in  the  ureter  and  intestine)  contraction  caused  at  one 
point  maybe  seen  to  travel  like  a  wave  with  a  velocity  of  20-30™™ 
per  second,  owing,  apparently,  to  the  direct  conduction  of  irrita- 
tion (Engelraann).  Automatic  contractions  have  recently  been 
stated  to  take  place  in  the  smooth  muscles  of  the  ureter  (Engel- 
mann). 

Investigations  of  smootli  muscles  are  very  difficult,  inasmucli  as  it  is  only 
possible  to  obtain  sufficient  material  from  warm-blooded  animals,  in  whicb  case 
it  quickly  loses  its  irritability. 

II.  CONTEACTILE  CELLS.  PEOTOPLASMIC 
MOVEMENTS. 

The  contractile  substance,  protoplasm,  occurs  inclosed  in  tubular 
sheaths  (in  muscle)  and  also  in  free,  wall-less  conglomerations,  form- 
ing finely  granular,  and  for  the  most  part  microscopic,  masses  of 
very  variable  form,  and  including  nuclei.  Such  contractile  masses 
form  the  whole  substance  of  the  body  of  many  of  the  lower  forms 
of  animal  life  (Amoebea,  &c.),  or  the  soft  portions  of  such  animals 
(Rhizopoda);  colourless  blood  corpuscles,  and  the  analogous  cor- 
puscles of  connective  tissue,  lymph,  spleen,  mucus,  and  pus  in  the 
higher  animals;  and  the  contents  of  many  elementary  parts  of 
vegetables  (cell-capsules). 

All  these  protoplasmic  masses  are  capable  of  general  and  partial 
contractions.  The  former  follow  on  stimulation  by  means  of  in- 
duction-currents. The  mass  takes  on  the  globular  form  where  it 
is  possible,  and  where  it  is  not  {e.g.  when  the  mass  is  enclosed  in 
a  tube)  approximates  to  that  form  as  far  as  practicable  by  shorten- 
ing and  thickening  (Kiihne). 
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Partial  contractions  are,  however,  far  commoner,  and  consti- 
tute, perhaps,  the  only  kind  which  ever  occurs  in  a  normal  condi- 
tion. They  may  produce  most  manifold  changes  of  fonn,  such, 
for  example,  as  the  protrusion  and  retraction  of  processes  '  where- 
by foreign  granules  may  be  dragged  into  the  midst  of  the  mass ; 
movements  of  the  whole  structure  from  place  to  place,  effected  by 
means  of  the  processes  (pseudopods)  ;  movements  of  the  granules, 
&c.  in  the  interior  of  the  mass  ;  dancing  movements  (molecidar 
movements) ;  the  excavation  in  the  interior  of  the  mass  of  spaces 
(vacuoles)  which  become  filled  with  fluid.  All  these  forms  of 
movement  have  been  frequently  observed  (M.  Schultze,  Briicke, 
Hakel,  Kiihne,  von  Eecklinghausen). 

Molecular  movement  has  been  more  exactly  studied  (Briicke)  in  the  granules 
of  the  following  cells  :  colourless  blood  corpuscles,  pus  corpuscles,  mucous  and 
salivary  cells,  cartilage  cells,  and  pigment  ceUs  of  the  frog.  This  form  of  move- 
ment is  very  generally  fomid.  Inasmuch  as  molecular  movement  is  prevented 
by  many  influences  which  prejudice  the  life  of  the  cells  in  which  it  occurs,  and 
as  it  always  disappears  at  death,  it  is  clear  that  this  pbenomenonis  not  the  same 
as  the  molecular  movement  of  inorganic  precipitates.  The  'cells'  above  men- 
tioned are  not  structures  possessed  of  cell-wall  and  fluid  contents,  but  consist  of 
a  tough  mass  in  which,  according  to  certain  indications,  we  must  suppose  a 
complicated  system  of  excavations  or  canals  to  exist.  The  matter  of  the  cor- 
puscles when  at  rest  is  chiefly  aggregated  about  their  nuclei  and  frequentlv  forms 
radiating  processes  towards  the  periphery.  Induction  shocks  cause  the  cessa- 
tion of  motion,  and  afterwards  a  sudden  diminution  in  the  size  of  the  cell  with 
expulsion  of  granules.  Molecular  movement  is,  therefore,  a  complicated  pheno- 
menon, closely  connected  with  the  remaining  appearances  of  vitality. 

The  stimuli  by  means  of  which  these  structures  may  be  in- 
duced to  activity  are  the  same  as  in  the  case  of  muscle,  as  are  also 
the  conditions  of  irritability  and  death  (Kiihne).  At  a  tempera- 
ture of  40°  C.  a  species  of  rigor  occurs ;  a  temperature  of  36°  C. 
acts  as  a  stimulus  producing  tetanus  (and  the  globular  shape). 
Deficiency  of  oxygen  destroys  the  irritability  of  protoplasmic  masses. 
This  circumstance,  which  is  not  in  agreement  with  the  slight  in- 
fluence which  oxygen  has  on  muscles  removed  from  the  body,  is 
explained  by  the  relatively  greater  surface  exposed  in  the  case  of 
the  small  masses. 

All  protoplasmic  structures  appear,  therefore,  to  contain  the  same  essential 
substance  as  muscle.  Its  decomposition  takes  place  during  conditions  of  activity, 
and  slowly  during  repose,  until  rigor  intervenes.  Its  regeneration  is  accom- 
panied by  an  absorption  of  oxygen  at  the  surface.  The  weakest  acids — even 
carbonic  acid — have  a  most  important  prejudicial  effect  upon  all  protoplasmic 
movements. 

Certain  protoplasmic  structures  which  do  not  migrate,  e.g.  a 
portion  of  the  connective-tissue  corpuscles  of  the  cornea,  are  con- 
nected with  nerve  fibres,  irritation  of  which  leads  to  contraction 
(Kiihne,  Lipmann,  though  others  doubt  it).    The  great  majority 

'  The  protrusion  of  a  process  can  only  be  explained  by  supposing  contraction  to  be  ex- 
erted along  the  direction  of  a  chord,  wiiereby  a  segment  is  pressed  outwards.  The  process 
becomes  long  and  thin  in  consequence  of  the  repetition  of  the  contraction  along  the  various 
chorda  in  the  same  segment  one  after  another. 
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are,  however,  totally  independent  of  the  nervous  system ;  and  the 
stimulus  which  causes  the  movements  is  still  unknown.  These 
movements  may  be  considered  as  automatic. 

III.  CILIATED  CELLS  AND  SPERMATOZOA. 

The  superficial  cells  of  the  cylindrical  epithelium  which  covers 
certain  surfaces  of  the  body  in  single  or  stratified  layers  are  pro- 
vided at  their  free  ends  with  fine,  structureless  hairs  or  '  cilia ' 
which  are  constantly  in  motion.  Such  surfaces  of  the  body  are : 
the  respiratory  tract,  from  the  entrance  of  the  nose  to  the  alveoli 
of  the  lungs  :  the  female  generative  organs  from  the  opening  of 
the  Fallopian  tubes  to  the  os  uteri  externum  :  the  cerebral  ven- 
tricles with  their  communications.  In  the  case  of  these  cilia,  no 
liberation  of  energy  by  means  of  the  nervous  system  takes  place  so 
far  as  is  known.  Their  movements  consist  for  the  most  part  in  an 
alternate  bending  and  straightening ;  but^  pendulous,  conical,  and 
other  forms  of  motion  are  said  to  occur. 

Spermatozoa  may  be  regarded  as  vibratory  structures  provided 
with  one  cilium.  The  head  corresponds  to  the  ciliated  cell,  and 
the  tail  is  the  cilium.    The  movement  is  a  lashing  to  and  fro. 

If  movable  particles  appear  on  such  a  vibratile  surface,  they 
are  gradually  pushed  forward  in  a  definite  direction.  This  direc- 
tion proceeds,  in  the  case  of  the  respiratory  and  genital  apparatus, 
outwards.  In  order  to  explain  it  we  must  suppose  that  the  move- 
ment of  the  cilia  in  one  direction  takes  place  more  rapidly  than  in 
the  other,  so  that  one  forward  push  follows  another ;  otherwise,  the 
particles  would  have  regained  their  old  position  after  each  forward 
and  backward  swing.  The  application  of  this  vibratile  motion  in 
respiration  has  been  noticed ;  for  its  use  in  the  movements  of  the 
ovum  consult  the  Fourth  Section  of  the  book.  Small  bodies  pro- 
vided with  vibratile  cilia,  such  as  many  infusorians  and  sperma- 
tozoa, are  able  to  propel  themselves  actively  by  means  of  them 
through  fluids  in  which  they  may  be  placed.  The  force  of  the 
ciliary  motion  is  not  unimportant;  it  is  capable  of  moving  in 
a  horizontal  direction  weights  of  more  than  3  grammes  to  each 
square  millimetre  of  surface  (Ivymann).  In  oblique  or  vertical 
upward  movements  each  1  square  centimetre  can  perform  in 
one  hour  6*8  gramme-millimetres  of  work,  or  the  cells  can  lift 
their  own  weight  more  than  4  metres  high  (Bowditch). 

The  circumstances  which  influence  the  movements  of  ciliated 
cells  and  spermatozoa  are  exactly  the  same  as  in  the  case  of  proto- 
plasm (Roth,  Kiihne,  Engelmann).  The  conditions  necessary  to 
its  occurrence  are:  the  maintenance  of  the  state  of  concentration 
of  the  fluid  bathing  them  ;  the  presence  of  oxygen  (Kiihne,  accord- 
ing to  Engelmann  they  can  do  without  oxygen  for  long  periods  of 
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time);  and  a  medium  temperature.  Increase  of  temperature 
accelerates  their  motion  (Calliburces),  as  also  do  variations  in  elec- 
trical currents  (Kistiakowsky).  Very  low  or  very  high  tempera- 
tures cause  a  stand-still  (cold-  and  heat-tetanus)  which  gives  place 
to  movement  on  a  return  to  the  normal  temperature  (Roth).  At 
a  temperature  of  45°  C.  a  permanent  stand-still,  7-1,70?',  is  produced, 
with  acidification.  Eigor  occurs  spontaneously  after  removal  from 
the  body.  The  action  of  acids  is  very  prejudicial  to  ciliary  move- 
ment as  well  as  to  the  movements  of  protoplasm.  The  effect  of 
alkalies  in  restoring  the  power  of  vibration  to  cilia  in  which  it  has 
spontaneously  disappeared  (Virchow)  merely  consists,  therefore,  in 
all  probability  in  the  neutralization  of  prejudicial  acids  (Eoth). 
Other  observers,  however,  ascribe  similar  reviving  powers  to  acids 
alcohol,  ether,  &c.  (Engelmann). 

The  vibratile  movements  of  ciliated  cells  and  spermatozoa  are 
therefore,  most  probably,  but  a  special  modification  of  the  move- 
ments of  protoplasmic  masses.  It  is  not  yet  decidedly  known 
whether  the  cilia  are  passive  and  merely  moved  by  the  protoplasm 
of  the  cell,  or  whether  they  also,  being  themselves  of  a  protoplasmic 
natm'e,  actively  assist. 


APPENDIX  TO  CHAPTER  VIII. 
THE  USES  or  MUSCLES. 

The  property  of  muscles  to  shorten  or  contract  is  made  use  of  in 
the  most  varied  manner  in  order  to  bring  movable  parts  towards 
each  other,  out  of  their  position  of  equilibrium,  so  as  to  produce 
changes  in  the  form  of  the  body.  The  position  of  equilibrium  of 
the  parts  of  the  body  is  dependent  on  various  mechanical  causes, 
chiefly  gravity  and  tension  (elasticity).  Changes  of  form  either 
take  place  for  purposes  subject  to  the  will  (voluntary  movements), 
or  they  are  brought  about  by  certain  mechanisms,  which  have  their 
seat  in  the  central  organs  of  the  nervous  system  (involuntary  move- 
ments). The  form-change  caused  by  the  shortening  of  a  muscle 
(or  of  a  single  muscular  fibre,  which  may  be  taken  as  a  type  of  the 
entire  muscle)  may  be  determined  in  every  case,  if  the  position  of 
equilibrium  and  the  degree  of  mobility  of  the  parts  to  be  moved, 
and  the  position  of  the  muscle  itself,  are  known.  We  have  here 
consider  chiefly  two  forms  of  muscular  effort.  1.  The  two  terminal 
points  of  a  muscle  are  connected  together  and  therefore  not  movable 
towards  each  other.  Here  a  shortening  of  the  muscle  can  only 
take  place  when  the  muscle  does  not  stretch  in  a  straight  line,  but 
between  its  two  points  forms  a  curve.  This  is  the  case  with  the 
hollow  muscular  organs,  where  the  muscular  fibres  run  along  on  a 
cylindrical,  spherical,  or  otherwise  curved  surface,  either  with  their 
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ends  joined  (directly,  or  by  the  juxtaposition  of  many  fibres),  or 
with  their  ends  acting  on  a  body  which  may  be  considered  fixed 
(intestine,  heart,  uterus,  bladder,  &c.)  In  this  case  a  tendency  to 
approach  a  straight  line  is  manifested  during  the  muscular  con- 
traction, and  hence  the  surface  on  contracting  exerts  a  pressure  on 
the  fluids  which  may  be  contained  in  these  hollow  organs.  2.  The 
end-points  are  movable  in  reference  to  one  another,  being  either 
both  movable  or  (as  is  commonly  the  case)  one  movable  and  one 
fixed.  In  this  case  the  contraction  of  the  muscle,  supposing  it  to 
be  stretched  between  its  two  terminal  points,  causes  these  end- 
points  and  all  the  parts  to  which  they  are  fixed  to  approach  each 
other.  In  the  case  in  which  one  of  the  two  points  is  fixed  the 
other  alone  will  move ;  if,  however,  both  are  movable,  then  the 
changes  are  inversely  proportional  to  the  resistances  acting  in 
opposition  to  the  movement.  The  direction  of  the  movement  does 
by  no  means  always  lie  in  the  straight  line  joining  the  two  points. 
Deviations  from  this  direction  are  caused :  a,  when  the  course  of 
the  (stretched)  muscle  or  its  prolongations  (tendons)  is  not  straight, 
but  either  curved  or  bent  (when,  for  instance,  the  muscle  or  tendon 
runs  over  a  pulley-like  projection) ;  &,  when  the  two  fixed  points 
cannot  move  towards  each  other  in  a  straight  line,  their  extent  of 
motion  being  limited  by  some  mechanism  or  other.  In  the  latter 
case  the  whole  of  the  kinetic  energy  of  muscular  action  (which  is 
determined  by  the  length,  section,  and  degree  of  activity  of  the 
muscle)  is  not  employed  in  bringing  about  changes  of  position, 
but  a  part  of  it  is,  by  the  resistance  of  the  mechanism,  converted 
into  heat.  The  part  used  in  changing  the  form  is  easily  deter- 
mined by  the- parallelogram  of  forces,  according  to  which  it  is  split 
up  into  two  component  parts,  the  one  in  the  direction  of  the  abso- 
lute resistance,  the  other  in  the  direction  of  the  absolute  mobility ; 
the  latter  of  the  two  components  represents  the  amount  of  form- 
change. 

Let  ac  and  he  be  two  bones  whicli  are  connected  by  a  binge-joint  c,  and 
movable  towards  each  other  by  the  muscle  de. ;  ac  being  considered  fixed,  tben 
the  point  d  can  only  be  moved  in  the  direction  d(j,  ver- 
tical to  be  (the  tangent  of  the  arc  di).  The  force  of  mus- 
ciilar  contraction  is  therefore  to  be  resolved  into  the  two 
components  d(/  (the  moving  portion,  or  the  form-changing 
portion)  and  dh  (the  direction  of  the  absolute  resistance, 
or  the  portion  which  represents  the  pressure  on  the  joint). 
It  will  be  seen  at  once  that  as  the  contraction  increases 
the  moving  portion,  d^(J^,  increases,  while  the  other  por- 
tion, JjA,,  diminishes.  If  now  we  call  k  the  force  of 
traction  of  the  muscle,  then  that  portion  of  k  which  is 
effective  =  k  sin  cde,  and  the  moment  in  relation  to  the 

lever-arm  cd  =  k.  cd.  sin  cde\  but  cd  =  :  the 

sin  cde 

moment  therefore  =  x.  ck ;  i.e.  the  muscle  acts  at  every  instant  as  if  it  acted 
with  its  full  power  on  the  arm  of  a  lever,  the  length  of  which  is  equal  to  the 
shortest  distance  of  the  joint  from  the  muscle  (Henke). 

X 
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The  conversion  into  heat  of  that  portion  of  the  work  done  by  the  muscle 
■which  exerts  pressure  on  the  joint  is  to  be  taken  in  the  sense  that  the  pressure 
on  the  joint  increases  the  friction,  whereby  the  evolution  of  heat  normally  due 
to  this  cause  is  increased. 

Those  muscles  which  act  on  rigid  parts  of  the  body  (bones, 
cartilage)  act  almost  always  as  on  levers,  since  the  rigid  parts  are 
nearly  all  arranged  so  as  to  be  movable  around  a  point ;  hence  also 
the  constitution  of  the  momentum  of  the  muscular  action  as  regards 
weight  and  velocity  will  become  variously  modified.  Most  of  these 
levers  belonging  to  the  second  and  third  kinds,  i.e.  the  point  of 
traction  of  the  muscle  (power)  and  the  resistance  (weight)  are  on 
one  and  the  same  side  of  the  fulcrum ;  levers  of  the  first  kind  are, 
however,  also  found,  as,  for  instance,  in  the  forearm,  where  the 
triceps  acts  on  the  olecranon.  The  point  of  traction  of  the  muscle 
(the  power)  is  generally  situated  near  the  fulcrum,  and  the  power- 
arm  is  thus  much  smaller  than  the  weight-arm,  and  hence  only 
small  weights  (considered  to  act  at  their  natural  point  of  applica- 
tion) can  be  moved,  but  with  great  velocity.  This  arrangement 
enables  us  to  perform  the  different  movements  of  the  body  with 
great  rapidity,  and  obviates  also  the  clumsy  form  which  our  body, 
particularly  the  extremities,  would  have  to  take  under  the  opposite 
arrangement,  as  will  be  easily  understood  on  reflection. 

Where  more  than  one  muscle  act  in  different  directions  on  the 
same  part,  or  where  only  one  muscle  acts,  the  fibres  of  which,  how- 
ever, have  different  directions,  the  resultant  can  always  be  easily 
found  by  the  parallelogram  of  forces.  When  different  muscles 
acting  on  the  same  part  are  so  arranged  that  the  resulting  motion 
due  to  the  simultaneous  action  of  all  becomes  =  0,  that  is,  the 
part  acted  upon  remains  at  rest,  then  each  of  these  muscles  is  called 
the  antagonising  muscle  of  the  rest.  The  position  of  equilibrium 
of  any  part  of  the  body  acted  upon  by  antagonising  muscles  is, 
apart  from  the  effect  of  gravity,  that  position  in  which  the  elastic 
forces  of  all  muscles  balance  each  other. 

We  have  already  spoken  of  some  of  the  special  uses  to  which 
muscles  are  applied  in  the  First  Section,  particularly  when  con- 
sidering circulation,  digestion,  and  respiration.  In  this  chapter 
we  shall  consider  ia  a  general  way  the  movements  of  the  rigid  parts 
of  the  body,  bones  and  cartilage,  which  are  so  connected  with  each 
other  as  to  admit  of  motion,  and  then  study  separately  two  im- 
portant groups  of  motion,  namely :  1,  the  locomotion  of  the  entire 
body,  and  2,  those  movements  in  the  passage  of  entrance  to  the 
respiratory  apparatus  which  serve  for  the  formation  of  voice  and 
speech. 
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Mechanism  of  the  Skeleton. 

The  elements  of  the  skeleton — the  bones — are  for  the  most  part 
movably  joined  to  each  other.  An  exception  to  this  is  seen  in  the 
connection  of  the  bones  by  sutures,  such  as  are  found  in  the  cranial 
bones,  which  render  the  bones  absolutely  immovable  for  all  such 
forces  as  do  not  endanger  the  existence  of  the  organism ;  such  bones 
are  then  to  be  considered  as  forming  an  immovable  mass.  Amongst 
the  movable  connections  of  bones  we  distinguish  two  kinds :  the 
first  of  these — the  synchondroses  and  symphyses — allows  but  a 
very  slight  movement,  yet  fairly  unlimited  as  regards  direction  ; 
the  combination  resulting  from  this  junction  is  of  stable  form,  to 
disturb  which  requires  a  very  strong  force,  and  into  which  the 
bones,  as  soon  as  that  force  ceases  to  act,  spring  back  by  virtue  of 
their  elasticity.  The  second  kind — the  movable  joints — allows  of 
a  free  movement  without  any  material  resistance,  a  movement 
which  is,  however,  limited  as  regards  direction ;  this  form,  there- 
fore, has  no  definite  position  of  equilibrium. 

Synchondroses. 

The  synchondrosis  is  formed  by  the  connection  of  two  opposed, 
generally  congruent,  bony  surfaces  by  means  of  an  intermediate 
more  or  less  solid  connecting  substance,  mostly  hyaline  or  fibro- 
cartilaginous. Ligamentous  sheaths  at  the  place  of  junction  pre- 
vent the  lateral  displacement  of  this  connecting  substance.  The 
degree  of  mobility  of  this  joint  depends  (1)  on  the  absolute  strength 
of  the  connection  ;  (2)  on  its  dimensions,  for  the  mobility  is  (inde- 
pendently of  the  ligamentous  sheath)  directly  proportional  to  the 
thickness  of  the  connection,  i.e.  the  distance  of  the  two  bone  sur- 
faces from  each  other,  and  inversely  proportional  to  the  transverse 
diameter  of  the  connection,  i.e.  the  size  of  the  two  opposing  bone 
surfaces  ;  (3)  on  the  rigidity  of  the  surrounding  ligamentous  band. 
The  mobility  of  these  joints  is  in  all  cases  very  small,  and  muscular 
traction  has  therefore  scarcely  any  efi"ect  on  them ;  their  elasticity 
is,  however,  of  great  importance  ;  especially  is  this  the  case  with 
the  spinal  column,  in  which  we  have  a  series  of  synchondroses  (the 
intervertebral  cartilages)  in  virtue  of  which  this  curved  column  is 
endowed  with  a  certain  amount  of  flexibility  and  great  elasticity. 

Movable  Joints. 

In  these  joints  the  causes  opposed  to  motion  are  reduced  to  a 
minimum ;  the  direction  of  the  movements  is,  however,  by  the 
form  of  the  joint,  limited  in  various  ways.    The  two  bones  enter- 
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ing  into  a  joint  oppose  to  each  other  smooth  surfaces,  covered  with 
cartilage  (the  articular  surfaces),  which  are  constantly  kept  in 
apposition  with  each  other,  over  as  wide  an  area  as  possible,  by 
certain  means  which  will  be  described  presently.  The  one  of  the 
two  articular  surfaces  is  always  larger  than  the  other. 

The  most  simple  joints  are  those  in  which  the  smaller  articular 
surface  is  always  everywhere  in  contact  with  the  larger.  Where 
this  contact  is  permanent,  there  can  be  no  other  but  a  gliding  move- 
ment of  the  smaller  articular  surface  on  the  larger ;  the  relative 
movement  of  the  two  bones  then  depends  entirely  on  the  form  of 
the  articular  surface  (as  one  surface  covers  the  other,  the  one  is 
the  exact  cast  of  the  other).  In  general  only  certain  surfaces  of 
regular  form  will  allow  such  a  gliding  movement,  and  these  sur- 
faces are :  1.  Plane  surfaces  (joints  of  this  kind  seem  not  to  occur, 
but  the  movements  which  they  would  allow  are :  a.  Eotation  of 
each  of  the  two  bones  round  axes  which  are  perpendicular  to  the 
plane  of  the  joint,  h.  Movement  of  the  axis  of  each  bone  parallel 
to  itself).  2.  Parts  of  surfaces  of  rotation,  i.e.  smfaces  which  may 
be  conceived  to  have  been  formed  by  the  rotation  of  a  straight  line 
or  of  a  line  of  single  curvature  round  an  axis  lying  in  the  same 
plane.  In  this  manner,  if  the  rotating  line  be  a  straight  Hne 
parallel  to  the  axis,  the  articular  surface  is  a  cylinder ;  if  it  is  a 
straight  line,  but  not  parallel  to  the  axis,  a  cone ;  if  it  is  a  semi- 
circle and  the  axis  its  diameter,  a  sphere ;  if  it  is  a  segjnent  of  a 
circle  and  the  axis  on  its  convex  side,  it  is  a  surface  of  saddle-form  ; 
if  the  axis  is  on  the  concave  side  forming  a  chord,  a  cycloid ;  if  it 
is  an  ellipse  and  the  axis  one  of  its  geometrical  axes,  an  ellipsoid, 
&c. ;  lastly,  if  it  is  any  other  curved  line,  the  articidar  surface  is 
that  of  some  pillar-like,  turned  body,  &c.  All  joints  of  this  de- 
scription allow  of  a  rotation  of  both  bones  round  a  common  axis, 
the  geometrical  axis  of  the  articular  surface ;  they  are  called  uni- 
axial or  hinge-joints  (Gringlymi).  An  exception  to  this,  however, 
is  presented  by  those  joints  whose  articular  sm-faces  are  parts  of  a 
sphere  ;  they  allow  a  rotation  around  any  diameter  of  the  sphere, 
or,  as  it  is  said,  round  a  point,  namely,  the  centre  of  the  sphere ; 
these  joints  are  called  multiaxial  or  hall-and-socket  joints  (Enar- 
throdia).  In  the  screw-joints  we  have  a  uniaxial  joint  of  peculiar 
construction.  Here  the  articular  surface  may  be  thought  to  have 
been  formed  by  the  rotating  line  (which  is  here  a  curved  line) 
advancing  in  the  direction  of  the  axis,  during  the  rotation,  with  a 
velocity  which  is  proportional  to  the  velocity  of  rotation.  Joints 
of  this  description  cause  an  opposite  movement  of  the  two  articular 
surfaces  around  the  axis  (analogous  to  the  movement  of  the  screw 
turning  within  the  nut). 

The  conditions  which  have  just  been  the  subject  of  considera- 
tion are  only  found  in  some  of  the  joints  of  the  body,  and  not- even 
there  with  mathematical  precision.    In  a  great  many  of  the  joints 
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the  surfaces  are  not  congruent,  and  a  perfect  contact  of  all  the 
points  of  the  smaller  of  the  two  articulating  surfaces  is  therefore 
impossible.  Again,  in  some  of  the  forms  spoken  of  we  notice  posi- 
tions in  which  the  apposition  of  the  surfaces  is  imperfect ;  such  a 
condition  of  things,  for  instance,  enables  joints  with  saddle-shaped 
or  cycloid  surfaces  to  admit  of  rotation  round  two  axes  :  to  wit, 
rotmd  the  axis  of  rotation  and  round  a  second  axis  which  passes 
through  the  geometrical  centre  of  the  rotating  arc  and  is  vertical 
to  the  axis  of  rotation,  provided  always  that  the  one  surface  covers 
only  a  small  part  of  the  other.  Wherever  the  two  articulating 
sm-faces  are  not  in  contact  the  spaces  are  filled  up  by  soft  parts  or 
fluids  (see  below). 

Wherever  a  perfect  congruence  of  the  articulating  surfaces  is 
not  required,  the  variety  of  joints  and  the  movements  of  which 
they  are  capable  increase  beyond  measure.  It  is  therefore  impos- 
sible to  draw  any  conclusions  from  the  mere  shape  of  the  two 
articular  surfaces,  as  to  the  degree  of  movement  allowed ;  for  the 
limitation  of  movements  will  chiefly  depend  on  the  other  factors. 
A  general  consideration  of  these  irregular  joints,  whose  surfaces 
are  not  those  of  rotation,  is  therefore  impossible ;  but  to  consider 
each  one  separately  would  lead  us  too  far. 

Mechanism  for  Maintaining  Contact. 

The  constant  and  close  contact  of  the  two  articular  surfaces  is 
eflected  by  the  following  means :  1 .  The  space  between  the  two 
surfaces  is  closed,  for  the  ends  of  both  bones  are  connected  by  a 
short  tube  (the  synovial  capsule),  which  is  attached  round  the 
articular  head  of  each  of  the  two  bones ;  the  cavity  which  is  thus 
formed  has  only  a  capillary  lumen  and  is  filled  with  a  tenacious 
lubricating  fluid  (Synovia).  The  two  articulating  surfaces  can 
separate  no  further  from  each  other  than  the  small  quantity  of 
synovial  fluid  will  allow,  and  every  further  separation  is  prevented 
by  atmospheric  pressure,  which  presses  with  a  force  equal  to  the 
product  of  the  surface-capacity  of  the  smaller  articular  surface  and 
the  barometric  pressure  for  the  surface-unit.  This  mode  of  con- 
tact is  of  importance  in  joints  with  large  surfaces,  especially  in 
the  ball-and-socket  joints,  where  any  other  mode  of  attachment 
would  restrict  the  free  mobility  in  all  directions.  In  the  hip-joint, 
the  largest  ball-and-socket  joint  of  the  body,  the  smaller  articular 
surface  (that  of  the  acetabulum)  is  of  such  a  size,  that  the  atmo- 
spheric pressure  balances  the  weight  of  the  whole  lower  extremity, 
so  that  even  after  all  the  soft  parts  surrounding  the  joint  are  sepa- 
rated and  the  synovial  capsule  cut  through,  the  lower  extremity 
does  not  drop  out  of  the  socket  (the  brothers  Weber) ;  the  surface 
of  the  acetabulum  is  fm-ther  increased,  and  the  closure  of  the  joint 
ensured,  by  a  thin-edged  elastic  cartilaginous  ring  (Labrum  car- 
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tilagiuium)  which  surrounds  everywhere  the  free  margin  of  the 
acetabulum  and  attaches  itself  closely  to  the  head  of  the  femur  in 
all  movements.  Where  the  articular  surfaces  cover  each  other  but 
very  imperfectly,  and  the  joint- cavity  is  thus  considerably  in- 
creased, we  have  the  greater  part  of  this  cavity  filled,  not  by 
synovia,  but  by  movable  cartilage,  masses  of  fat  and  ligaments 
which  pass  through  the  joint ;  the  best  example  of  this  form  is 
the  knee-joint.  2.  In  nearly  all  joints  ligamentous  masses  serve 
to  fix  the  joint;  these  masses  consist  either  of  stretched  bands, 
which  run  from  one  bone  to  the  other  (in  most  cases  attached  to 
the  capsule)  or  in  stretched  parts  of  the  capsule  itself.  As  these 
fixing  bands  have  always  to  be  in  a  state  of  tension,  they  must  be 
so  placed  as  not  to  hinder  movement;  with  hinge-joints  they  are 
therefore  always  found  at  both  ends  of  the.  axis  of  rotation.  In 
most  joints  where  the  surfaces  are  iucongruent  (i.e.  do  not  cover 
each  other)  the  axis  of  rotation  is  only  determined  by  the  inser- 
tion of  the  fixing  ligaments.  3.  The  tension  of  the  surrounding- 
muscles  plays  an  important  part  in  holding  the  articular  ends  in 
apposition. 

Check  Mechanisms. 

The  appliances  which  determine,  not  the  direction,  but  the 
extent  of  articular  movements,  are  these:  1.  A  particular  configu- 
ration of  the  hone ;  thus,  for  instance,  the  abutting  of  the  olecranon 
against  the  sinus  maximus  of  the  humerus  restricts  the  extension 
of  the  forearm.  2.  So-called  check-ligaments,  i.e.  ligaments  which 
become  stretched  in  extreme  positions  of  the  joints  by  being  so 
attached  that  the  distance  between  their  two  extremes  increases  to 
a  maximum  with  the  movement  of  the  joint  (in  joints  also  where 
bones  restrict  the  extreme  movements  we  have  often  ligaments 
which  limit  the  movement  still  more).  One  form  in  which  liga- 
ments which  maintain  contact  act  as  check  ligaments  occurs  in  so- 
called  spiral  joints,  of  which  the  knee-joint  forms  a  good  instance. 
A  horizontal  section  through  the  articular  end  of  the  femur  shows 
as  external  limit  a  spiral,  the  centre  of  which  is  situated  posteriorly, 
wbile  its  vectors  increase  in  length  as  they  proceed  from  behind 
forward.  The  upper  ends  of  both  lateral  ligaments  are  attached 
to  the  terminal  points  of  an  axis  passing  transversely  across  the 
centre  of  the  spiral  (tuberositas  condyli  interni  and  externi  femoris) ; 
the  lower  end  of  the  internal  ligament  is  attached  to  the  condylus 
internus  tibise,  that  of  the  external  to  the  head  of  the  fibula.  These 
two  ligaments  make  the  knee-joint  an  imperfect  hinge-joint,  but 
inasmuch  as  with  flexion  of  the  knee  the  smallest  vectors  of  the 
spiral,  and  with  progressive  extension  progressively  larger  vectors, 
are  moved  in  the  direction  of  the  ligaments,  so  the  distance  of 
their  points  of  insertion,  and  therefore  also  their  tension,  increases 
as  the  knee  passes  from  flexion  into  extension,  the  tension  reaching 
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a  maximum  beyond  which  further  extension  is  impossible.  This 
arrangement  it  is  which  renders  possible  the  rotation  of  the  fore- 
leg round  its  vertical  axis  independently  of  the  thigh  only  during 
flexion  of  the  knee,  and  not  when  the  lower  extremity  is  extended, 
in  which  case  the  thigh  and  fore-leg  being  wedged  in  at  the  joint 
form  but  one  piece.  3.  The  soft  parts  also  (muscles,  tendons,  and 
skin)  surrounding  the  joints,  assist  by  their  tension  to  limit  the 
movements  in  a  manner  similar  to  that  of  the  check-ligaments. 

It  happens  occasionally  that  when  a  muscle  runs  over  two  joints,  the  flexion 
or  extension  of  one  of  these  joints  stretches  the  muscle  in  such  a  way  as  to  make 
it  a  sort  of  check-ligament  for  the  other  joint :  this  is  called  '  passive  insufli- 
ciency,'  in  conti'adistinction  to  '  active  insufficiency,'  by  which  is  meant  the 
opposite  condition,  in  which  flexion  or  extension  of  the  one  joint  slackens  the 
muscle  in  such  a  way  as  to  make  its  contraction  have  no  effect  (0.  Huter, 
Henke). 

Conditions  of  Equilibrium  and  of  active  Locomotion  of  the 

whole  Body. 

It  will  be  foimd  convenient  for  the  relations  which  are  to  be 
considered  under  this  head  to  look  upon  the  body  as  a  chain,  with 
many  links  and  various  branches,  the  joints  of  which  are  to  be 
looked  for  where  two  bones  are  movably  connected.  Such  a  chain 
can  only  be  in  a  stable  equilibrium  when  each  joint  is  sufficiently 
supported.  This  will  be  effected  in  different  ways  in  the  different 
positions  of  the  body  (lying,  sitting,  &c.)  The  positions  which  will 
be  considered  liere  are  the  erect  posture  and  the  sitting  posture. 

The  Erect  Posture. 

By  the  free  erect  posture  we  mean  that  position  of  equilibrium 
in  wliich  the  whole  body  rests  entirely  supported  by  the  two  feet 
touching  the  ground.  If  now  the  body  were  a  rigid,  unjointed 
pillar,  the  only  condition  to  be  fulfilled  would  be  that  the  centre 
of  gravity  should  be  supported  by  the  basis  or  surface  of  support 
(which  is  given  by  the  points  of  contact  between  the  soles  of  the 
feet  and  the  floor),  or,  in  other  words,  that  the  line  of  direction  of 
the  centre  of  gravity  should  meet  the  floor  within  the  basis  of 
support.  The  human  body  can  only  be  made  into  such  a  rigid 
pillar  by  having  all  the  movable  articulations  immovably  fixed. 
In  the  natural  erect  posture  this  is  effected  almost  without  any 
muscular  effort,  the  muscles  coming  in  use  only  to  supplement  the 
somewhat  unstable  equilibrium. 

The  articulations  to  be  considered  here  are  the  tarsal  and 
tarsal-metatarsal  joints,  the  ankle-joint,  the  knee-joint,  the  hip- 
joint,  the  articulations  of  the  vertebrae  (the  symphyses  of  the 
pelvic  bones  may  be  considered  as  absolutely  fixed)  and  the  articu- 
lation between  the  head  and  the  uppermost  cervical  vertebrse. 
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The  other  articulations  (those  of  thorax,  upper  extremity  and  jaw) 
do  not  enter  into  consideration  here,  for  the  bones  to  which  they 
belong  are  merely  appended  to,  without  in  any  way  serving  for  the 
support  of,  the  other  bones. 

1.  The  joint  between  the  head  and  the  uppermost  cervical 
vertebrce. — The  two  surfaces  of  the  atlas  which  articulate  with  the 
occipital  bone  form  parts  of  one  curved  surface  with  concavity 
upwards,  the  curvature  of  which  is  slighter  antero -posteriorly 
than  laterally.  The  joint  is,  therefore,  biaxial,  i.e.  the  sagittal 
axis  of  rotation  is  situated  higher  in  the  head  than  the  frontal, 
and  the  greatest  amount  of  motion  takes  place  about  the  latter. 
The  joint  allows  also  a  rotation  of  the  head  on  the  atlas  during 
forward  flexion.  The  most  important  rotation  of  the  head, 
however,  occurs  at  the  odontoid  articulation  between  atlas  and 
axis.  In  this  joint  the  odontoid  process  of  the  latter  vertebra 
forms  a  vertical  axis  *of  rotation  for  the  atlas  and  skull.  The 
articular  surfaces  of  the  superior  oblique  processes  of  the  axis  tire 
seen,  in  a  sagittal  section  through  atlas  and  axis,  to  be  convex 
towards  their  articular  cavities.  Therefore,  in  the  mean  sym- 
metrical position,  the  head  must  be  highest,  and  must  glide 
somewhat  downwards,  on  lateral  rotation,  like  a  screw.  This 
arrangement  probably  guards  against  torsion  of  the  cord  when  the 
head  is  rotated  from  side  to  side.  While,  in  the  joints  about  to 
be  considered,  every  care  seems  to  be  taken  to  expend  as  little 
muscular  energy  as  possible,  and  to  gain  the  required  objects  by 
mechanical  means,  the  great  freedom  of  the  axial,  atlantic,  and 
occipital  articulations  requires  that  the  position  of  the  head  should 
be  determined  by  the  muscular  effort  of  the  numerous  muscles 
attached  to  it.  If  this  effort  is  wanting  (as,  for  instance,  during 
sleep),  then  the  head  in  the  erect  posture  inclines  forward  and  rests 
with  the  chin  on  the  chest,  for  its  centre  of  gravity  is  in  front  of 
its  point  of  support. 

2.  The  vertebral  column. — The  vertebral  articulations  are 
chiefly  synchondroses ;  the  vertebral  column  forms  therefore  a 
rigid,  somewhat  flexible  and  exceedingly  elastic  rod,  variously 
curved  (with  the  convexity  in  front  in  the  cervical  and  lumbar 
regions,  and  with  the  concavity  in  front  in  the  dorsal  and  sacral 
regions).  The  mobility  of  the  vertebral  column,  which  is  quite 
wanting  in  the  sacral  region,  increases  from  below  upwards, 
owing  less  to  the  diminished  transverse  section  of  the  interver- 
tebral cartilages — for  this  circumstance,  otherwise  of  advantage 
for  movement,  is  neutralised  in  its  effects  by  the  simultaneous 
diminution  in  the  thickness  of  the  cartilages — than  to  the  con- 
stitution of  the  true  joints  between  the  oblique  (articular)  pro- 
cesses. In  the  lumbar  region  these  articular  surfaces  are  nearly 
vertical,  sagittal,  and  almost  parallel  (being  slightly  convergent 
forwards),  so  that  each  upper  vertebra  is  locked  in  the  one  below ; 
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rotation  about  a  longitudinal  axis  is,  therefore,  quite  prevented, 
while  flexion,  antero-posterior,  or  lateral,  is  possible  only  in  the 
slightest  degree.  In  the  dorsal  region  the  surfaces  of  articulation 
of  the  articular  processes  are  more  antero-posterior  in  aspect,  con- 
verging posteriorly,  and  permitting,  therefore,  a  lateral  rotation  ; 
lateral  flexion,  also,  is  not  entirely  prevented,  but  antero-posterior 
movement  is  quite  impossible  without  a  disengagement  of  articu- 
lating surfaces.  In  the  cervical  region  the  articular  surfaces 
become  more  and  more  horizontal,  and  allow  of  movement  in  all 
three  dii'ections. 

3.  The  hip-joint — a.  The  centre  of  gravity  of  that  portion  of 
the  body  which  is  to  be  supported  by  this  joint  (head  and  trunk) 
is  situated  near  the  vertebral  column  (in  front  of  the  tenth  dorsal 
vertebra),  in  a  horizontal  plane  passing  through  the  xyphoid 
process  (Weber) ;  it  will  of  course  vary  somewhat  with  the  degree 
of  distension  of  the  digestive  canal.  A  plumb-line  let  fall  from 
this  point  (the  line  of  gravity)  passes  behind  the  line  of  junction 
of  the  hip-joints,  and  the  trunk  would  therefore  in  the  erect  posi- 
tion fall  backwards,  but  for  its  attachment  anteriorly  by  the  ilio- 
femoral ligament  to  the  femur  (linea  intertrochanterica  anterior). 
This  balancing  of  the  trunk  on  the  heads  of  the  thigh  bones 
might  thus  be  compared  to  the  position  of  a  gun  obliquely  sup- 
ported over  the  shoulder,  where  tlie  grasp  of  the  butt  end  by  the 
hand  prevents  its  falling  over.  The  action  of  the  anterior  part  of 
the  tense  fascia  lata  (Lig.  ilio-tibiale)  and  of  the  stretched  m. 
extensor  quadriceps  is  similar  to  that  of  the  ilio-femoral  liga- 
ments, only  with  this  difference,  that  they  are  attached  to  the  leg. 
b.  The  trunk  has  also  to  be  fixed  in  a  vertical  plane  to  prevent  it 
falling  either  to  the  right  or  left ;  for  as  the  two  feet  are  not  fixed 
to  the  floor,  a  falling  over  to  one  side,  i.e.  the  rotation  of  the 
trunk  around  the  head  of  the  femur  laterally,  would  be  possible ; 
this  is,  however,  prevented  by  the  ligamentum  teres,  which  checks 
the  adduction  of  the  extended  thigh  beyond  the  middle  line,  and 
without  such  adduction,  the  lateral  rotation  of  the  trunk  spoken 
of  cannot  take  place ;  this  is  particularly  the  case  in  the  erect 
posture,  where  the  ligamentum  teres  is  already  stretched  by  the 
eversion  of  the  thigh  and  leg  (this  rotation  outwards  is  due  to  the 
action  of  the  gluteus  maximus) ; — the  external  tense  sheath  of 
the  fascia  lata  is  another  accessory  to  check  adduction,  c.  It  is 
unnecessary,  as  long  as  the  body  rests  on  the  two  feet,  to  provide 
against  the  rotation  of  the  trunk  on  the  head  of  the  femur  ;  this 
can,  however,  be  eflfectually  done  by  the  glutei  and  the  ligaments. 

4.  The  knee-joint. — a.  The  common  centre  of  gravity  of  head 
and  trunk  and  thighs  is  situated  somewhat  lower  than,  but  not 
much  anteriorly  to,  the  centre  of  gravity  of  head  and  trunk.  The 
line  of  gravity  will  therefore  here  also  pass  behind  the  point  of 
support  of  the  knee-joint,  but  the  difference  is  so  slight  that  no 


314 


THE  ERECT  TOSTURE. 


great  force  is  required  to  prevent  falling  over  (flexion  of  the  knee). 
The  agents  are  the  lig.  ilio-tibiale  (see  above),  the  slight  tension 
and  contraction  of  the  extensor  quadriceps,  and  the  lig.  ilio- 
femorale,  for  in  order  to  flex  the  knee  while  the  fore-leg  is  fixed 
the  femur  has  to  rotate  outwards,  which  is  prevented  by  the  lig. 
ilio-femorale.  h.  There  is  no  need  of  fixing  the  knee-joint  laterally, 
as  this  is  sufficiently  insured  by  the  hingelike  nature  of  the  joint 
(lig.  later  alia),  c.  Rotation  on  the  fore-leg  during  extension  is 
prevented  by  the  crucial  ligaments,  as  described  before,  p.  310. 

5.  The  ankle-joint — The  centre  of  gravity  of  the  whole  body 
(neglecting  the  feet)  lies  approximately  in  the  promontory  of  the 
sacrum ;  the  line  of  gravity  will  therefore  pass  a  little  in  front  of 
the  line  connecting  the  axes  of  both  ankle-joints,  and  hence  the 
falling  forward  of  the  body  has  to  be  provided  against.  This  can 
be  done,  a,  by  the  axes  of  the  two  ankle-joints  forming  an  angle 
with  each  other,  so  that  the  simultaneous  rotation  round  both  is 
impossible  without  a  change  of  position  (separation)  of  the  lower 
extremities  ;  b,  by  the  posterior  and  smaller  part  of  the  pulley-like 
articulating  surface  of  the  astragalus  becoming  wedged  into  the 
fork-like  surface  formed  by  the  two  malleoli,  which,  when  the  leg 
is  extended,  is  so  narrow  as  not  to  be  able  to  receive  the  anterior 
and  wider  part  of  the  trochlear  surface  of  the  astragalus  (which 
would  be  necessary  for  the  falling  forward)  ;  this  wedging  in  be- 
tween the  malleoli  is  brought  about  by  a  rotation  of  the  tibia 
round  the  fibula,  which  accompanies  the  final  act  of  every  exten- 
sion of  the  leg,'  whereby  the  fork-like  cavity  on  the  articular 
surface  of  tibia  and  fibula  is  so  turned  as  to  grasp  the  trochlear 
surface  of  the  astragalus  obliquely,  c.  By  the  contraction  and 
tension  of  the  flexors  of  the  foot  (in  the  anatomical  sense),  the 
muscles  attached  to  the  tendo  Achillis,  tibialis  post.,  peronei 
post.,  &c. 

6.  The  small  joints  of  the  foot. — The  tarsal  and  metatarsal 
bones  form  an  arch,  on  the  highest  point  (caput  astragali)  of 
which  the  weight  of  the  body  acts,  and  which  rests  with  three 
points  on  the  floor,  viz.  with  the  tubo  calcanei  (heel)  and  with  the 
capitula  of  the  first  and  fifth  metatarsal  bones  (the  ball  of  the  big 
and  of  the  little  toe).  This  arch,  which  the  weight  of  the  body 
tends  to  flatten,  is  chiefly  maintained  by  the  tension  of  the  liga- 
ments on  the  plantar  side  of  the  foot ;  only  when  these  ligaments 
are  rendered  pathologically  lax,  does  the  arch  yield  (flat  foot). 

The  toes  do  not  serve  any  purposes  for  support  in  the  erect 
posture,  but  are  of  use  in  maintaining  the  balance,  particularly  in 
walking.  '  Standing  on  tip-toe  '  is  likewise  only  the  balancing  of 
the  body  on  the  capitula  of  the  metatarsal  bones,  while  the  ankle- 

1  This  rotation  is  due  to  the  form  of  the  knee-joint,  for  which  every  extension  the 
condyles  of  tiie  femur  roll  forward  on  the  articular  surface  of  the  tibia  in  the  manner  ot  a 
wheel,  though  not  to  the  same  extent. 
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joint  is  extended  (in  the  vulgar  sense)  and  the  trunk  so  much 
arched  forward,  that  its  line  of  gravity  falls  within  the  line  of 
support. 

The  Sitting  Posture. 

In  sitting,  the  trunk  rests  on  the  two  tubera  ischii  like  on  the 
rockers  of  a  rocking-horse  (H.  Meyer),  and  it  can  therefore  swing 
forward  and  backward ;  we  thus  distinguish  between  an  anterior 
and  posterior  sitting  posture,  according  as  the  line  of  gravity  falls 
either  in  front  of  or  behind  the  line  connecting  the  two  resting 
points  of  the  tubera  ischii.  In  the  anterior  sitting  posture  the 
trunk  is  prevented  from  falling  forward,  a,  by  supporting  it  (rest- 
ing the  elbows  on  the  table,  &c.)  ;  b,  by  fixing  it  against  the  lower 
extremities,  by  putting  the  feet  on  the  ground  or  supporting  the 
thigh  on  the  anterior  border  of  the  chair  ;  the  fixing  is  chiefly 
carried  out  by  the  extensors  of  the  thigh.  In  the  posterior  sitting 
posture  the  trunk  must  rest  against  a  posterior  support,  either 
with  the  back  (high-backed  chair)  or  with  the  lumbo-sacral  region 
(low-backed  chair),  but  the  equilibrium  can  also  be  sustained  with- 
out a  support,  in  which  case  the  point  of  the  sacrum  forms  the 
third  point  of  support.  Lastly,  by  stretching  the  legs  forward  and 
fixing  the  trunk  against  them  by  muscular  exertion,  a  position 
may  be  found,  in  which  the  centre  of  gravity  of  the  whole  is 
moved  forward  to  such  an  extent  that  the  feet  form  the  third  point 
of  support ;  when,  in  this  position,  the  trunk  is  moved  slightly 
backward,  the  feet  will  leave  the  floor. 

Walking.  Running. 

In  walking,  the  pelvis  (and  with  it  the  trunk)  is  rhythmically 
and  alternately  supported  by  one  of  the  two  legs  (the  active  leg) 
and  dragged  forward  a  certain  distance  (the  length  of  a  step), 
while  the  other  (the  passive)  leg  merely  hangs  on  the  pelvis.  At 
the  commencement  of  a  step  the  leg  which  is  to  be  the  active  leg 
during  this  step  is  placed  vertically  (slightly  flexed,  see  below), 
and  forms  one  of  the  two  sides  of  a  rectangular  triangle,  the  hypo- 
thenuse  of  which  is  formed  by  the  passive  leg,  stretched  out  behind 
and  touching  the  floor  only  with  the  toes,  while  the  line  joining  the 
feet  on  the  floor  forms  the  third  side.  The  active  leg  now  passes 
forward  carrying  the  pelvis  with  it  from  its  vertical  position  into 
an  oblique  (hypothenuse)  position,  but  as  the  pelvis  is  to  be  moved 
horizontally  forward,  the  active  leg  must  necessarily  be  lengthened, 
and  this  is  brought  about  by  the  extension  of  the  leg  (which  we 
saw  at  the  beginning  was  slightly  flexed)  in  all  its  joints :  the 
extension  of  the  foot  causes  the  heel  to  be  lifted  from  the  floor, 
whereby  the  point  of  support  also  moves  to  the  capitula  of  the 
metatarsal  bones,  but  these  also  are  in  their  turn  lifted  from  the 
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floor,  so  that  the  leg  only  touches  the  floor  with  the  extremity  of 
the  big  toe;  the  foot  is  thus  as  it  were  raised  from  the  floor  like  a 
chain,  its  separate  joints  being  successively  lifted  from  the  floor. 
The  active  leg  now  occupies  the  same  position  in  relation  to  the 
trunk  as  the  passive  leg  did  at  the  commencement  of  the  step. 
Now  the  passive  leg,  which  of  course  was  the  active  leg  of  the 
step  immediately  preceding,  leaves  the  floor  at  the  commencement 
of  the  step  and  describes  a  pendulum  oscillation  forward  around  its 
pelvic  point  of  suspension,  which  brings  the  foot  of  the  passive  leg 
just  as  far  in  advance  of  the  active  leg  as  it  was  behind  it  at  the 
commencement  of  the  step  (namely,  the  length  of  a  step)  ;  the  foot 
is  now  put  down  and  comes  to  be  just  vertically  under  the  pelvis, 
which  in  the  meantime  has  been  carried  horizontally  forward  by 
the  active  leg,  as  we  saw.  (In  order  not  to  touch  the  floor  while 
swinging  forward,  the  passive  leg  is  somewhat  shortened  by  being 
flexed.)  During  the  step  the  active  leg  has  thus  passed  from  its 
original  position  (that  of  one  of  the  two  sides)  to  the  position  of 
the  hypothenuse  of  the  rectangular  triangle,  the  passive  has  moved 
from  the  hypothenuse  position  into  that  of  one  of  the  two  sides  of 
the  triangle  ;  the  triangle  is  moved  forward  the  length  of  one  step  ; 
the  passive  leg  has  swung  forward  the  length  of  the  step,  while  the 
active  leg  has  kept  its  position  ;  both  legs  now  change  their  '  part,' 
that  leg  which  had  been  the  active  becomes  the  passive  leg  and 
commences  its  oscillations,  while  the  passive  leg,  after  being  put 
down  on  the  floor,  commences  its  series  of  extensions,  &c. 

The  rapidity  of  walking  will  therefore  depend:  1,  on  the 
length  of  the  step ;  2,  on  the  duration  of  the  step,  which  is  com- 
posed of  the  duration  of  the  pendulum  oscillation  and  the  interval 
between  its  termination  and  the  commencement  of  the  next,  or,  in 
other  words,  the  length  of  time  during  which  both  feet  rest  on 
the  floor.  1.  The  length  of  step,  considered  as  one  of  the  two 
sides  of  the  rectangular  triangle,  is  the  greater,  the  greater  the 
difference  between  the  hypothenuse  and  the  other  of  the  two  sides 
of  the  triangle  ;  therefore,  a,  the  smaller,  i.e.  the  more  flexed  the 
active  leg  is  at  the  commencement  of  the  step,  or  the  lower  the 
pelvis  is  carried  ;  6,  the  greater  is  the  difference  in  length  between 
the  leg  totally  stretched  (or  totally  lifted  from  the  floor)  (passive 
leg)  and  the  leg  planted  vertically,  or,  in  other  words,  the  longer 
are  the  leg  and  foot— long  persons  therefore  take  longer  steps  than 
short  persons :— 2.  a.  The  pendulum  oscillation  is,  according  to 
known  laws,  the  quicker  the  shorter  the  swinging  leg  is;  the 
elongation  (length  of  step)  is  likewise  to  be  taken  into  account, 
for  the  angle  of  elongation  here  is  relatively  large.  6.  The  interval 
of  time  during  which  both  feet  rest  on  the  floor  can  be  shortened 
at  will,  and  in  very  quick  walking  is  =  0 ;  the  extended  foot  there- 
fore leaves  the  floor  exactly  at  the  moment  in  whicli  the  other 
after  being  swung  forward  touches  it. 
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A  still  greater  velocity  is  obtained  in  the  act  of  running., 
where  there  is  an  interval  in  the  period  of  the  step  during  which 
botli  feet  are  off  the  ground— the  one  (the  extended)  leg  has 
already  begun  to  swing  forward  before  the  other  has  finished  its 
oscillation.  The  only  thing  essential  here  is  that  the  pelvis 
should  swing  forward  with  sufficient  velocity,  so  as  to  be  prevented 
from  falling  during  the  time  it  is  suspended  in  the  air  ;  this  is 
effected  by  having  the  active  leg  at  the  commencement  of  the  step 
strongly  flexed,  and  stretching  it  with  great,  as  it  were  jerking 
velocity. 

We  cannot  consider  here  the  different  varieties  of  walking  and  running  and 
the  necessary  phenomena  thereby  observed  (W.  and  E.Weber,  H.  Meyer),  part 
of  which  are  deducible  from  what  is  stated  above. 

Voice  and  Speech. 

The  stream  of  air  which  passes  through  the  larynx  and  the 
cavities  of  the  pharynx,  mouth,  and  nose  during  expiration  (and  in 
exceptional  cases  during  inspiration  also),  is  made  use  of  in  order 
to  throw  into  vibration  portions  of  those  organs  and  so  to  produce 
soimds  and  noises.  To  the  sounds  thus  produced  the  term  '  voice' 
is  applied  ;  and  both  sounds  and  noises  when  used  as  signs  for 
intercommunication  are  called  '  speech.' 

1.  Voice, 

The  sounds  of  the  voice  are  produced  by  the  vibration  of  the 
lower  vocal  cords  of  the  larynx,  which  are  stretched  out  after  the 
fashion  of  a  membranous  tongue  in  the  laryngeal  tube.  The 
stream  of  expired  air  is  projected  upon  them  from  below  ;  and  the 
tube  into  which  the  vocal  cords  are  fixed — formed  below  ('wind- 
pipe') by  the  bronchial  tubes,  trachea,  and  larynx,  and  above 
('  sounding  pipe ')  by  the  larynx,  pharynx,  buccal  and  nasal 
cavities — serves,  as  is  the  case  in  reed  instruments,  partly  to 
modify  the  sounds  and  partly  to  intensify  them. 

Kcompoundtone  {Klang)  has  recently  beendefined  by  Helmholtzas  any  auditory 
sensation  produced  by  periodically  regular  vibrations.  If  the  vibrations  of  the  air 
are  simple,  like  those  of  a  pendulum,  a  '  tone '  is  the  result.  The  vibrations  pro- 
ducing any  complicated  regular  sound  may  be  resolved  by  a  well-known  mathe- 
matical law  into  a  number  of  simple,  pendular  vibrations,  having  the  ratios  one 
to  another  of  1:2:3,  &c.  (Fourier).  This  resolution  of  a  sound  into  its  ele- 
ments may  be  brought  about  not  only  mathematically,  but  also  to  a  certain 
extent  mechanically,  in  a  manner  which  will  presently  be  described.  Every 
compound  tone  may  therefore  be  considered  to  be  an  aggregate  of  simple  tones, 
the  numbers  of  whose  vibrations  are  in  the  ratio  of  1  :  i! :  3,  &c.  The  deepest  of 
these  tones  is  called  the  '  prime  tone,'  and  the  rest  '  harmonics.'  If  the  number 
of  vibrations  of  the  prime  tone  is  n,  those  corrsponding  with  the  harmonics  are 
'2n  (the  octave  of  the  prime  tone),  Sn  (the  twelfth  of  the  prime  tone),  4n  (the 
second  octave),  5n  (the  compound),  &c.    The  number  of  the  partial  tones  of  a 
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tone,  and  their  relative  intensity,  vary  much  in  different  musical  sounds,  as,  e.c/. 
in  the  sounds  produced  by  different  instruments.  It  often  happens  that  certain 
of  the  harmonics  are  wanting  altogether.  A  musical  sound  is  named  after  its 
most  prominent  partial  tone.  K  any  given  tone,  say  A,  occurs  as  the  principal 
tone  in  different  sounds,  the  latter  are  described  as  A  accompanied  by  differences 
in  '  timbre  '  or  '  quahty '  {Klnnc/fm-be) .  If  the  vibration  of  a  compound  tone  be 
represented  by  a  curve,  the  latter  will  be  found  to  differ  considerably  in  form 
from  that  of  a  simple  tone ;  though  it  frequently  approximates  in  shape  to  the 
wave  of  its  prime  tone.  Hence  it  used  to  be  said  that  two  '  tones  of  different 
timbre,'  of  equal  pitch  and  intensity,  differed  from  one  another  in  the  characters 
of  their  representative  curves  or  waves,  which  were,  of  course,  of  the  same  height 
and  length  in  each  case. 

The  resolution  of  a  compound  tone  into  its  partial  tones  is  most  easily  effected 
by  means  of  resonators  (Helmholtz).  A  simple  tone  is  able  to  throw  into  sym- 
pathetic vibration  almost  all  bodies  which  have  the  power  of  vibrating  an  equal 
number  of  times  per  second.  Hence,  any  compound  tone  is  capable  of  calling 
into  vibration  neighbouring  bodies  whose  vibratory  powers  correspond  with 
those  of  its  partial  tones;  and,  moreover,  of  causing  them  to  vibrate  with  the 
relative  intensity  corresponding  to  the  individual  tones  into  which  (according 
to  Fourier's  law)  the  sound  may  be  decomposed.  If,  therefore,  a  sound  with 
A  as  the  prime  tone  were  produced  in  the  neighbourhood  of  a  series  of  such 
resonators  or  bodies  the  vilDratory  powers  of  which  correspond  with  the  har- 
monics of  the  tone  A,  some  of  the  resonators  of  the  series  would  resound  with 
varying  intensities,  while  others  would  not  sound  at  all.  The  simplest  resona- 
tors are  glass  or  metal  globes  of  a  certain  pitch,  provided  with  two  openings, 
one  of  which  communicates  with  one  ear  of  the  investigator,  while  the  other 
ear  is  stopped.  Whenever  the  tone  to  which  the  resonance-globe  answers  occurs 
in  a  sound,  it  is  heard  quite  loudly  by  the  person  whose  ear  communicates  with 
the  globe,  while  he  cannot  bear  the  other  partial  tones.  Just  as  a  compound 
tone  can  be  analvzed  into  its  partial  tones,  it  is  possible  in  a  similar  manner  to 
build  up  a  sound  from  its  component  parts.  The  methods  of  producing  and 
combining  simple  tones  will  be  explained  in  the  section  on  speech. 

In  like  manner  the  sounds  produced  by  the  larjqix  and  analogous  reed-pipes 
consist  of  prime  tones  and  harmonics.  The  former  are  very  marked,  but  as 
many  as  six  or  eight  harmonics  may  be  detected  by  the  above  method  of  analysis. 
In  the  following  section,  whenever  the  tones  of  the  larynx  and  their  pitch  are 
spoken  of,  it  must  be  understood  that  the  jvime  tones  are  referred  to. 


Sounds  of  Seeds  and  Meed-pipes. 

The  word  '  tongue '  or  '  reed '  is  used  in  acoustics  to  denote  an  elastic  plate 
which,  when  at  rest,  nearly  closes  an  opening,  but  which  is  so  arranged  that 
every  excursion  from  the  position  of  rest  tends  to  increase  the  space  between  its 
edge  and  that  of  the  opening.  If  a  sufhciently  powerful  blast  of  air  be  blown 
upon  the  opening,  the  '  tongue '  or  '  reed,'  as  is  easily  seen,  is  throvra  into  vibra- 
tion. That  is  to  say,  the  space  between  the  border  of  the  opening  and  the  edge 
of  the  plate,  while  the  latter  is  at  rest,  is  so  narrow  that  the  stream  of  air  is 
not  able  to  pass  through  it  in  that  condition,  but  experiences  an  obstruction. 
In  consequence  of  this,  the  air  accumulates  behind  the  tongue,  and  presides  upon 
it  with  a  force  which  gradually  increases  until  a  point  is  reached  at  which  the 
elastic  plate  is  forced  out  of  position.  This  gives  a  passage  to  the  accumulated 
air  which  rushes  through  violently,  and  so  reduces  the  pressure  behind  the 
tongue  that  the  latter  falls  back  into  its  former  position ;  whereupon  the  whole 
action  is  repeated.  By  this  means  a  continuous  stream  of  air  is  converted  into 
an  intermittent  or  rather  a  varyin-r  current,  and  the  tongue  thrown  into  vibra- 
tions. The  sound  resulting  is  reallv  produced  by  the  vibrations  of  the  air  (as  in 
Ihc  instrument  called  the  Siren)  and  not  by  those  of  the  tongue  (Helmholtz). 
The  tongue  may  consist  either  of  a  firm  elastic  plate  fixed  at  one  side,  as  is  the 
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case  in  many  musical  reed  instruments,  or  of  an  elastic  membrane  (membranous 
tongue)  stretched  over  the  opening-.  If  of  the  latter  kind,  the  membrane  may 
be  so  fixed  as  to  leave  spaces  at  both  sides,  or  it  may  completely  cover  the  opeu- 
ino-  with  the  exception  of  a  slit  in  the  centre.  The  larynx,  with  its  vocal  cords 
an'd  glottis,  answers  to  the  last-mentioned  description. 

The  pitch  of  the  note  given  out  by  a  tongue  vibrating  under  the  influence  of 
a  current  of  air  (i.e.  the  number  of  vibrations  per  second  necessary  to  produce 
it)  depends  upon  the  time  of  vibration  of  the  plate  itself,  as  by_  that  is  deter- 
mined the  frequency  of  the  impact  of  the  air.  The  time  of  vibration  of  the  plate 
varies  inversely  as  its  length  and  directly  as  the  square  root  of  its  elasticity, 
and  therefore,  in  the  case  of  stretched  membranes,  directly  as  the  square  root 
of  the  extending  force,  just  as  in  the  case  of  an  extended  string.  In  the  case 
of  membranous  tonguesj  a  third  influence  must  be  added,  viz.  that  of  the  violence 
of  the  impinging  blast  of  air,  which  has  no  effect  upon  the  pitch  of  notes  caused 
by  the  vibration  of  the  usual  firm  tongue.  The  note  is  not  simply  intensified  by 
increasing  the  strength  of  the  blast,  but  its  pitch  is  raised  (J.  Miiller) .  This  is 
explained  by  the  consideration  that  the  tension  of  the  membrane  is  also  at  the 
same  time  increased,  for  the  middle  position,  about  which  the  tongue  vibrates, 
deviates  further  from  the  position  of  rest  with  a  strong  than  with  a  weak  blast ; 
and  this  greater  deviation  increases  the  tension  of  membranous  tongues,  as  is 
evident,  while  it  does  not  affect  the  elasticity  of  firm  plates,  in  so  far  as  that 
property  is  concerned  in  the  vibrations.  The  law  of  this  increase  in  pitch  as 
the  blast  becomes  stronger  has  not  yet  been  determined.  The  form  and  size  of 
the  slit  only  affects  the  note  to  the  extent  that,  with  the  same  expenditure  of 
energy,  the  narrower  the  slit  the  greater  the  accumulation  of  aii-  behind  the 
tongue,  the  gi-eater  the  pressure  upon  the  latter,  and,  in  consequence,  the  stronger 
the  blast  it  is  possible  to  obtain. 

If  the  tongue  is  fixed  into  a  pipe  (reed-pipe)  that  portion  of  it  which  conveys 
air  to  the  tongue  is  called  the  wind-pipe,  while  that  which  is  beyond  the  tongue 
is  called  the  soimd-pipe.  In  general  the  efl^ect  of  the  sound-pipe  may  be  said 
to  be  to  add  its  o-\vn  proper  tone  to  the  sound  produced  by  the  vibrating  tongue, 
and  to  intensify  certain  of  the  component  tones  of  the  latter.  By  intensifying 
one  of  the  harmonics  the  pitch  of  the  resulting  sound  is  apparently  raised,  as  the 
intensified  tone  becomes  prominent  as  the  principal  tone.  On  the  contrary,  if 
the  primary  tone  of  the  sound-pipe  is  deeper  than  that  produced  by  the  tongue, 
an  apparent  diminution  of  pitch  may  result.  The  sound-pipe  of  the  vocal  organ 
has  this  effect  only  to  a  slight  extent,  the  timbre,  or  sound- colom*,  of  the  voipe 
being  but  slightly,  though  clearly,  modified  by  it  (see  below,  Vowels),  and  the 
principal  tone  of  the  soimd  produced  in  the  larynx  remaining  the  same. 


The  Larynx. 

In  the  larynx  the  membranous  tongue  is  formed  by  two  hori- 
zontal membranous  plates,  the  inferior  vocal  chords^  which  extend 
between  the  inner  surface  of  the  thyroid  cartilage  and  the  anterior 
and  external  surfaces  of  the  arytenoid  cartilages,  and  are  covered 
by  the  laryngeal  mucous  membrane,  which  is  here  provided  with 
pavement  epithelium.  The  slit  between  them  (glottis  vocalis)  is 
continuous  posteriorly  with  the  interspace  between  the  interior 
surfaces  of  the  two  arytaenoid  cartilages  (glottis  respiratoria).  The 
thyroid  and  arytaenoid  cartilages  are  so  fixed  to  the  cricoid  carti- 
lage as  to  admit  of  a  certain  degree  of  movement.  The  former, 
the  thyroid  cartilage,  turns  about  a  horizontal  transverse  axis  in 
such  a  manner  that  its  anterior  portion  approaches  or  recedes  from 
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the  anterior  portion  of  the  cricoid.  The  effect  of  this  movement 
is  to  increase  or  diminish  the  angle  of  inclination  of  the  thyroid 
with  the  vertical,  and,  in  consequence,  to  move  its  superior  por- 
tion, to  which  the  vocal  cords  are  affixed,  forwards  or  backwards. 
The  arytsenoid  cartilages  turn  principally  about  their  long  vertical 
axes,  the  effect  of  which  is,  as  they  are  pyramids  with  triangular 
bases,  to  cause  their  edges  to  occupy  different  positions,  and  thus 
to  alter  the  shape  of  the  slit.  From  what  has  been  just  said  it  is 
clear  that  the  thyroid  cartilage  influences,  especially  by  its  position, 
the  length  and  tension  of  the  vocal  chords.  The  thyroid  cartilage 
may  therefore,  with  regard  to  the  vocal  chords,  be  fitly  styled  the 
'  cartilage  of  extension,'  the  cricoid  the  '  basement  cartilage,'  and 
the  arytaenoid  the  '  cartilage  of  position '  (Ludwig). 

The  following  are  the  muscles  which  govern  the  relative  posi- 
tions of  those  cartilages  with  which  the  vocal  cords  are  connected : 

1.  The  crico-thyroidei  approximate  the  thyroid  to  the  cricoid 
cartilage,  rotating  the  former  about  its  axis  in  a  forward  and  down- 
ward direction,  and  thus  pulling  the  upper  portion  of  the  cartilage 
forward,  and  extending  the  vocal  chords  when  the  arytaenoid  car- 
tilages are  firmly  fixed. 

2.  The  thyro-arytcunoidei,  which  run  for  the  most  part  within 
the  vocal  cords,  rotate  the  thyroid  cartilage  in  a  direction  upwards 
and  backwards  towards  the  arytjenoid  cartilages,  and  therefore 
render  less  tense  the  vocal  cords.  Some  of  their  fibres  arise  from 
points  of  the  vocal  cords  themselves,  and  must  therefore,  on  con- 
traction, confer  different  degrees  of  tension  upon  different  parts  of 
the  vocal  cord:  for  only  that  portion  will  be  rendered  lax  in  which 
the  contracting  fibres  run,  while  the  rest  will  be  kept  tense.  As, 
moreover,  a  portion  of  the  fibres  are  attached  about  the  external 
edge  of  the  arytaenoid  cartilage,  the  effect  of  contraction  must  be 
to  press  together  the  anterior  internal  edges  (processus  vocales)  of 
the  opposing  cartilages,  and  to  separate  tlieir  posterior  internal 
edges,  the  result  being  that  the  glottis  vocalis  is  narrowed  to  a 
small  slit,  while  the  glottis  respiratoria  is  increased  to  a  triangular 
space. 

3.  The  crico-arytcenoidei  postici  drag  the  external  edges  of 
the  arytaenoid  cartilages,  to  the  lower  extremities  of  which  (pro- 
cessus musculares)  they  are  attached,  backwards  and  downwards, 
thus  at  the  same  time  rotating  outwards  the  anterior  internal  edges 
(processus  vocales),  separating  them  slightly  above,  and  approxi- 
mating the  posterior  edges.  The  effect  of  this  movement  is  to 
convert  both  the  glottis  vocalis  and  the  glottis  respiratoria  into 
triangular  spaces,  which  together  form  a  wide  rhombic  aperture. 

4.  The  crico-arytcenoidei  laterales  drag  the  muscular  processes 
of  tlie  arytaenoid  cartilages  downwards,  forwards,  and  outwards, 
whereby  the  apices  of  the  two  pyramids  are  somewhat  separated 
one  from  the  other,  while  the  bodies  of  the  latter  are  so  rotated  as 
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to  occupy  the  position  they  take  up  on  contraction  of  the  thyro- 
aryt£enoidei  muscles,  with  the  exception  that  the  processus  vocales 
are  not  so  closely  applied  one  to  the  other. 

5.  ArytcBuoidei  proprii  (inter-arytsenoidei,  transversus  et  ob- 
liqui)  approximate  the  apices  of  the  pyramids  and  their  posterior 
edges  one  to  the  other.  If  they  act  in  concert  with  the  thyro- 
aryt£enoid  muscles,  both  glottis  vocalis  and  glottis  respiratoria  are 
closed,  and  respiration  completely  interrupted,  as,  e.g.  immediately 
before  coughing. 

The  Tentricles  of  Morgagni  give  the  vocal  cords  free  space  in  which  to 
vibrate,  a  provision  especially  necessary  when  the  vocal  chords  are  much  arched 
hy  the  sti-ength  of  the  impinging  blast  of  air.  The  superior  vocal  _  cords  do  not 
appear  to  play  any  part  in  the  production  of  voice.  It  has  certainly  been  ob- 
served that  a  diminution  in  the  calibre  of  the  sound-pipe  above  the  tongue  of  a 
reed  instrument  raises  the  pitch  of  the  note  produced  (J.  Miiller) ;  but  experi- 
ment has  shown  that  the  excised  larynx  constantly  gives  the  same  note  whether 
the  upper  vocal  cords  be  present  or  not.  In  birds  the  vocal  cords  are  not,  as  a 
rule,  concerned  in  the  production  of  notes,  the  latter  being  the  function  of  the 
'  inferior  larynx,'  a  characteristic  organ  situated  in  the  majority  of  cases  at  the 
point  of  division  of  the  ti'achea. 

The  larynx  receives  its  supply  of  motor  nerves  from  the  inferior  laryngeal 
branch  of  the  vagus,  paralysis  of  which  occasions  loss  of  voice.  The  superior 
laryngeal  branch  of  the  vagus  is  considered  to  supply  the  crico-thyroid  muscle 
only  ;  but  this  is  denied  by  some  authorities  (Nawratil) . 


Sounds  produced  by  the  Vocal  Organs. 

The  general  conditions  necessary  for  the  production  and  altera- 
tion of  sounds  will  easily  be  perceived  from  what  has  already  been 
said  concerning  reeds  and  reed-pipes.  In  general  there  is  neces- 
saiy  a  blast  of  air  of  a  certain  strength,  the  production  of  which 
requires  the  closure  of  the  glottis  respiratoria  and  the  narrowing 
of  the  glottis  vocalis.  These  actions  are  effected  by  the  contrac- 
tion of  the  crico-arytsenoidei  laterales  or  of  the  thyro-arytaenoidei. 
During  the  contraction  of  the  crico-arytaBnoidei  postici  the  pro- 
duction of  voice  is  impossible.  From  what  has  been  said  above,  it 
is  moreover  evident  that  the  pitch  of  the  note  sounded  depends 
upon  the  length  and  tension  of  the  vocal  cords,  and  upon  the 
strength  of  the  blast.  It  is,  on  the  contrary,  independent  of  the 
shape  of  the  glottis,  which  only  varies  in  accordance  with  the 
strength  of  the  blast,  being  narrower  in  the  production  of  a  stronger 
blast.  The  pitch  is  also  independent  of  the  form  and  length  of 
the  wind-pipe  and  sound-pipe  in  the  case  of  the  larynx.  It  may 
therefore  be  stated  that  the  pitch  of  the  note  rises  :  1 .  With  in- 
creasing tension  of  the  vocal  cords,  which  is  induced  (a)  by  the 
contraction  of  the  crico-thyroidei  (perceptible  externally  to  the 
touch) ;  (b)  by  the  relaxation  of  the  whole  of  the  thyro-arytge- 
noidei ;  (c)  by  increased  violence  of  blast,  of  which  use  is  chiefly 
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made  in  the  production  of  the  highest  notes,  which  can  therefore 
only  be  rendered  forte  and  not  piano.  In  order  to  produce  the 
strongest  blast  of  air  through  the  larynx,  the  glottis  vocalis  must 
be  made  as  narrow  as  possible,  and  the  glottis  respiratoria  com- 
pletely closed,  the  latter  action  being  effected  by  the  arytaenoidei 
proprii.  On  the  contrary,  the  tenser  the  vocal  cords  the  stronger 
must  be  the  blast  of  air  necessary  to  cause  them  to  vibrate ;  and, 
in  consequence,  the  greater  must  be  the  atmospheric  pressure  in 
the  trachea,  as  may  be  proved  by  means  of  a  manometer  fixed  into 
a  tracheal  fistula  (Cagniard-Latour).  The  pitch  of  the  note  also 
rises  (2)  according  as  the  length  of  the  portion  of  the  vocal  cord 
set  vibrating  diminishes.  The  latter  is  brought  about  without 
at  the  same  time  disturbing  the  tension,  (a)  by  partial  contrac- 
tion of  the  thyro-arytsenoidei ;  (6)  by  the  close  apposition  of  the 
processus  vocales  of  the  arytgenoid  cartilages,  whereby  the  portions 
of  the  vocal  cords  in  which  the  cartilages  are  placed  are  pre- 
vented from  vibrating  ;  (c)  in  larynges  of  smaU  dimensions,  espe- 
cially in  those  of  women  and  children,  the  general  range  of  pitch 
is  higher  on  account  of  the  shortness  of  the  cords.  All  the  above 
statements  are  based  upon  observations  which  have,  in  addition, 
taught  us  that  as  the  pitch  of  the  note  increases  the  superior  vocal 
cords  approach  nearer  and  nearer  to  one  another  without  ever  com- 
pletely closing  the  orifice  between  them,  and  that  the  epiglottis 
falls  more  and  more  over  the  opening  into  the  larynx  (Garcia). 
Moreover,  as  the  pitch  increases  the  larynx  rises  ;  owing  partly  to 
the  contraction  of  the  elevators  of  the  larynx,  and  partly,  in  all 
probability,  to  the  extension  of  the  trachea  under  the  increasing 
pressure  of  the  air  within.  In  spite  of  the  apparent  simplicity  of 
the  arrangements,  the  process  of  the  production  of  voice  must  be 
extremely  complicated.  For  example,  with  a  given  arrangement 
of  the  vocal  cords  any  increase  in  the  force  of  the  blast  not  only 
intensifies  the  note  but  also  raises  it ;  as,  however,  we  may  require 
to  sustain  the  same  note  with  a  varying  intensity  (piano  and 
forte),  in  order  to  do  so  a  continual  process  of  compensation  must 
be  kept  up  by  the  muscles. 

In  conducting  observations  on  the  production  of  voice  in  tlie  larynx  tbe 
following  methods  are  practicable:  1.  Palpation  and  auscultation  of  the  larynx 
from  without.  2.  Direct  observation  of  the  ulterior  of  tbe  larynx  by  means  of 
a  laryno-oscope  (Garcia,  Ozermak,  Tlirck).  The  latter  instrument  consists  of  a 
small  mirror,  which  is  held,  bv  means  of  a  handle,  at  an  angle  of  45  ,  over  the 
openinsr  of  the  larynx  and  in  front  of  the  velum  palati,  having  been  previously 
warmed  to  prevent  the  condensation  of  vapour  upon  it.  Concentrated  light  is 
thrown  upon  this  small  mirror  by  means  of  another  concave  mirror  provided 
with  an  aperture  to  which  the  eve  of  the  observer  is  applied.  Tbe  mouth  of 
the  patient  is  opened  wide  and  the  tongue  pulled  forward.  By  the  amnge- 
ment  of  mirrors  tbe  top  of  the  larynx  is  seen  strongly  illuminated.  3.  Observa- 
tion of  the  larynx  of  a  living  animal  exposed  from  above.  4.  Experiments 
with  the  excised  larynges  of  human  bodies  (J.  Muller;.    The  action  of  the 
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muscles  is  imitated  by  passing  threads  to  which  weights  are  hung  over  pulleys, 
and  attaching  them  to  the  points  of  insertion  of  the  muscles  they_  are  to 
represent,  pulleys  and  larynx  being  fixed  to  a  stand.  The  blast  of  air  is  trans- 
mitted thj-ough  a  tube  fastened  into  the  trachea  either  from  the  lungs  of  the 
experimenter'  or  from  a  pair  of  bellows.  In  order  to  measure  the  pressure  of 
the  air  in  the  trachea,  a  manometer  is  connected  laterally  with  the  tube,  which  is 
continuous  with  the  trachea.  To  study  the  effect  of  the  sound-pipe,  the  larynx 
is  left  attached  to  the  head.  Experiments  with  the  larynges  of  dead  subjects 
have  led  to  many  results  inconsistent  with  the  appearances  of  the  living  larynx, 
some  of  which  are  still  unexplained,  and  which  indicate  our  lack  of  knowledge 
respecting  the  actions  of  the  latter.  6.  Experiments  with  artificial  larynges 
(J.  Miiller);  to  this  class  of  experiments  belong,  generally,  all  experiments 
with  reed-pipes. 

A  greater  height  of  pitch  than  can  be  attained  by  the  ordinary 
method  of  production  of  voice  is  possible  by  means  of  the  so- 
called  '  falsetto  voice.'  This  is  another  register,  another  method 
of  producing  voice,  which  is  specially  suitable  for  the  higher  notes, 
and  which  differs  from  the  usual  method  in  a  manner  which  is  not 
yet  thoroughly  understood.  Besides  the  superior  pitch  of  the 
'  falsetto  notes,'  they  differ  essentially  in  timbre  or  tone-colour 
from  those  ordinarily  produced.  It  has  been  observed  that  the 
glottis  vocalis  during  the  emission  of  falsetto  notes  is  wider  than 
in  the  formation  of  the  ordinary  voice ;  and  that  the  superior 
vocal  cords  are  also  farther  apart.  It  is  further  maintained  that 
the  true  vocal  cords  do  not  vibrate  in  such  an  extent  of  their 
breadth  (in  fact  only  at  their  edges)  in  the  former  case  as  in  the 
latter  (J.  Miiller,  Lehfeldt),  owing,  according  to  Mandl,  to  the 
partial  imposition  upon  them  of  the  superior  vocal  cords.  Others 
state  exactly  the  reverse  of  this,  viz.  that  a  greater  breadth  of  the 
vocal  cords  is  in  vibration  during  the  utterance  of  falsetto  notes 
(Grarcia).  It  is,  finally,  probable  that  an  extreme  tension  of  the 
vocal  cords  is  necessary  for  their  production,  as  is  indicated  by 
the  sense  of  exertion  in  the  larynx  under  those  circumstances. 
Owing  to  the  greater  width  of  the  glottis  vocalis  during  the  use  of 
falsetto,  the  air  in  the  lungs  is  quickly  exhausted,  in  consequence 
of  which  it  is  impossible  to  sustain  a  falsetto  note  as  long  as  an 
ordinary  one.  Another  distinction  between  notes  of  the  two 
registers,  and  one  which  depends  upon  the  circumstance  last  men- 
tioned, originates  in  the  resonance  of  the  wind-pipe  and  sotmd- 
pipe  in  the  two  cases ;  this  will  be  referred  to  below. 

As  was  said  previously,  the  form  and  length  of  the  wind 
and  sound-pipes  have  no  influence  in  the  case  of  the  larynx  upon 
the  pitch  of  the  notes.  They  serve,  however,  to  intensify 
them,  and  also  to  modify  them,  inasmuch  as  the  tones  to  which 
they  gave  origin  intensify  certain  of  the  harmonics  of  the  voice, 
and  so  regulate  the  timbre,  which  forms  such  an  essential  distinc- 
tion in  the  voices  of  different  individuals.  By  means  of  voluntary 
alterations  in  the  form  of  the  soimd-pipe  the  latter  may  be  made 
to  give  rise  to  special  tones  and  noises  which  are  essential  to 
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speech  (see  below).  Owing  to  the  accumulation  of  mucus,  &c.  in 
various  parts  of  the  wind-pipe,  or  about  the  vocal  cords  themselves, 
other  noises  may  be  produced,  which  are  unnecessary,  or  even 
detrimental  to  perfect  speech.  In  the  production  of  ordinary 
voice,  resonance  is  strongest  in  the  wind-pipe,  as  it  contains  the 
air  which  is  being  compressed  through  the  narrow  slit  of  the 
glottis  vocalis.  Tlie  bronchial  tubes  and  the  parietes  of  the  chest 
therefore  enter  strongly  into  resonance,  and  give  rise  to  a  trem- 
bling motion  (fremitus  pectoralis).  Hence,  ordinary  full  and 
powerful  voice  is  called  '  chest-voice.'  In  the  production  of 
falsetto  notes,  on  the  contrary,  no  resonance  of  the  chest  takes 
place,  owing  to  the  greater  width  of  the  glottis  vocalis,  the  sound- 
pipe,  and  the  cavities  of  the  nose  and  mouth  being  the  chief  seats 
of  resonance. 

The  compass  of  the  chest-voice,  when  the  vocal  organs  are  fully 
developed,  ranges  from  about  two  to  two  and  a  half  octaves ;  but 
the  limits  vary  with  the  size  of  the  larynx.  The  general  range  of 
voice  is  lowest  in  men  and  highest  in  women  and  children.  Thus 
the  bass  as  a  rule  extends  from  E  (80  vibrations  per  second)  to/' 
(342)  ;  the  tenor  from  c  (128)  to  c"  (512)  ;  the  alto  from /  (171) 
to/"  (684);  and  the  soprano  from  c'  (256)  to  c"'(l024).  The 
complete  compass,  therefore,  of  the  human  voice  ranges  from 
about  E  (80  vibrations  per  second)  to  c'"  (1024  vibrations  per 
second),  nearly  four  octaves.  The  range  from  c'  (256)  to  /'  (34*i) 
is  common  to  all  voices  ;  but  the  character  of  the  notes  varies  in 
different  individuals,  according  to  the  timbre  or  '  colom: '  they 
acquire  from  the  larynx.  In  many  cases  the  limits  here  set  down 
are  exceeded. 

The  development  of  the  larynx  bears  a  definite  relationship  to  that  of  the 
sexual  powers.  At  the  commencement  of  puberty  there  is  a  sudden  increase  in 
its  size,  and  the  alto  or  soprano  (treble-voice)  of  the  boy  changes  into  the  bass 
or  tenor  of  the  man.  This  is  what  is  commonly  known  as  the  '  breaking  '  of 
the  voice.  In  castrated  individuals,  and  in  cases  of  hypospadias,  &c.,  the  voice 
remains  abnormally  high,  higher  even  than  the  soprano  of  women. 


2.  Speech. 

Speech  consists  of  certain  tones  and  sounds  which  the  exisired 
air  produces  in  the  cavities  above  the  larynx,  and  which  are  used 
for  the  purposes  of  speech,  either  alone— as  in  whispering — or  in 
conjunction  with  the  sounds  of  the  voice — as  in  speaking  aloud. 

The  elements,  the  sequent  arrangement  of  which  constitutes 
speech,  are  called  articulate  sounds,  and  are  divided  into  voiuels 
and  consonants.  The  distinction,  which  was  formerly  described 
as  existing  between  these  two  classes,  viz.  that  the  consonants  are 
those  articulate  sounds  which  cannot  be  uttered  without  the  aid  of 
vowels,  cannot  now  be  held.    Both  consonants  and  vowels  are  now 
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regarded  as  being  capable  of  utterance  alone,  if  we  except  that 
certain  of  the  former  lose  somewhat  of  their  characteristics  (see 
below).  The  true  distinction  between  them  is,  that  the  consonants 
are  indefinable  sounds,  while  vowels  have  rather  the  character  of 
tones.  That  is  to  say,  wlien  "whispered,  the  latter  are  sounds  pro- 
duced in  the  cavity  of  the  mouth,  in  which  a  tone  predominates 
whose  pitch  may  be  determined,  and  when  spoken  aloud  they  are 
modifications  of  the  voice  caused  by  the  intensification  of  indi- 
vidual harmonics  by  the  '  proper '  tone  of  the  buccal  cavity  at 
the  time. 

Vowels. 

1.  In  whispering,  vowels  are  produced  by  expelling  a  current 
of  air  through  the  cavity  of  the  mouth,  the  shape  of  the  latter 
being  different  for  each  vowel.  Sounds  are  thus  produced  in 
which,  by  a  careful  examination,  and  especially  on  comparing  the 
various  vowels,  tones  of  definite  pitch  may  be  distinguished. 
For  the  same  vowels  the  same  tones  are  found  to  be  remarkably 
constant  in  persons  of  varying  age  and  sex ;  and  they  may  be 
determined  by  means  of  the  piano  (Bonders).  These  tones  are 
the  characteristic  tones  of  the  cavity  through  which  the  cm-rent 
of  air  passes.  They  may  be  still  better  determined  by  means  of 
resonators  in  the  following  manner.  Tuning-forks  are  set  vibrat- 
ing, and  successively  placed  in  front  of  the  mouth,  which  is 
arranged  as  if  for  the  production  of  a  certain,  vowel ;  as  soon  as 
a  tuning-fork  is  thus  placed,  the  prime  tone  of  which  is  in  unison 
with  that  of  the  buccal  cavity,  the  tone  emitted  is  intensified  by 
resonance,  and  rendered  more  audible  (Helmholtz).  The  form  of 
the  cavity  of  the  mouth  during  the  production  of  the  vowel 
sounds  U  '  and  0,  is  that  of  a  globular  flask  with  a  short  neck; 
during  the  production  of  A,  that  of  a  funnel  with  the  wide  ex- 
tremity directed  forward  ;  of  E  and  I,  that  of  a  globular  flask 
with  a  long  narrow  neck,  &c.  Corresponding  with  the  charac- 
teristic tones  of  such  bodies,  the  tones  of  the  cavity  of  the 
mouth  are : — 

for  U— / 
„  0-6' 

„  E— /  and  h'"       \  one  tone  for  tlie  body  of  the  flask, 
„    I—/  (?)  and  d""  J        the  other  for  the  neck 

(Helmholtz).  Slight  modifications  of  pronunciation  materially 
affect  the  tone.  The  constant  occurrence  of  the  same  characteristic 

1  The  vowel-sounds  referred  to  liere  are  those  of  the  German  language  : 

a  like  a  in  father 
e   „    e  „  hen 
i    „     i  „  fish 
0   „    0  „  open 
u  „   00  „  oozo 
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tone  for  the  same  vowel  in  buccal  cavities  of  different  sizes  is 
accounted  for  by  the  proportionate  alteration  in  the  orifice  of  the 
mouth. 

According  to  more  recent  researches  (Konig)  the  characteristic  tones  of  the 
various  vowels  are : 

for  JJ—b 
„  0-b' 
„  A-i" 

„  1-6'-' 

The  various  forms  of  the  buccal  cavity  are  brought  about  in 
the  following  manner.  In  the  production  of  all  the  vowels,  if  the 
buccal  cavity  alone  is  to  be  used,  the  passage  of  the  current  of 
air  to  the  nasal  cavities  is  prevented  by  the  raising  of  the  soft 
palate.  If  this  is  not  done  the  vowels  have,  when  spoken  aloud,  a 
'  nasal '  character.  This  elevation  of  the  soft  palate  is  least  com- 
plete during  the  production  of  A,  becoming  more  and  more  so  in 
the  case  of  the  other  vowels  in  the  following  order :  E,  0,  U,  I. 
The  various  flask-like  arrangements  of  the  mouth  are  thus  pro- 
duced :  in  A  the  cavity  of  the  mouth  is  largest  owing  to  the  posi- 
tion of  the  tongue  along  the  floor,  the  mouth  being  wide-open 
(funnel-shaped).  In  0  and  U  the  globular  flask  is  produced  by  the 
elevation  of  the  root  of  the  tongue,  and  the  contraction  of  the 
aperture  of  the  mouth  into  a  round  opening  which  is  narrower  in 
the  case  of  U  than  of  0.  In  E,  I,  the  long  neck  of  the  flask  is 
produced  by  approximating  the  tongue  to  the  hard  palate,  &c.  In 
sounding  all  the  vowels  except  U  the  larynx  moves  upwards  some- 
what, least  of  all  in  the  case  of  0,  and  more  so  in  the  cases  of  the 
others  in  the  following  order.  A,  E,  I. 

2.  In  speaking  aloud,  vowels  result  from  the  intensification  of 
various  of  the  harmonics  of  the  voice  by  means  of  the  resonance 
of  the  buccal  cavity  (Wheatstone,  Helmholtz).  Hence  it  follows 
that  vowels  may  be  ,best  sung  with  those  notes  which  have  a  pro- 
minent harmonic  agreeing  with  the  '  proper '  tone  of  the  cavity  of 
the  mouth  ;  further,  that  the  individual  vowel-sounds  are  not  dis- 
tinguished by  the  peculiar  arrangement  of  the  intensified  harmo- 
nics, but  by  their  absolute  height. 

The  Towel-soimds  may  easily  be  analysed  by  means  of  the  resonance-appa- 
ratus menlioned  on  p.  318.  The  analysis  is  more  exact  if  made  by  means  of  a 
phonautograph  (Bonders),  in  which  a  tense  membrane  is  aUovred  to  take  up  the 
vibrations  of  a  particular  vowel-sound  and  to  trace  them  upon  a  rotating 
cylinder.  In  order  to  reproduce  a  vowel-sound  synthetically,  all  that  is  neces- 
sary is  to  raise  the  damper  from  the  strings  of  a  piano  and  to  sing  the  vowel  in 
a  clear,  loud  voice  in  front  of  the  instrument.  Under  such  circumstances  all 
the  strings  the  tones  of  which  exist  in  the  vowel-soimd  as  harmonics,  are  called 
into  vibration,  and  to  a  degree  of  intensity  corresponding  with  the  intensity 
of  the  harmonics.  The  vowel,  tlierefore,  resounds  from  the  instrument,  not 
simply  as  tone,  but  as  a  vowel  (Helmholtz).  The  direct  synthesis  out  of  simple 
tones  is  still  more  instructive.    A  mmiber  of  tuuing-forlis  corresponding  in  pitch 
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with  the  various  liarmonics  of  a  primary  tone  (e.ff.  B,  b,  f,  V,  d",  f,  as", 
h",  d'",  as"',f"',  h'")  are  set  vibrating  by  means  of  electro-magnets,  vsrhich  are  so 
arranged  that  the  current  passing  round  them  is  opened  and  closed  by  the 
vibrations  of  a  special  tuning-fork  fitted  up  on  the  principle  of  Wagner'a 
hammer.  The  tones  of  the  tuning-forks  are  rendered  inaudible  by  placing  them 
upon  caoutchouc.  Before  each  fork,  hovrever,  stands  a  resonance-tube  tuned 
to  the  prime  tone  of  the  fork.  "When  the  tube  is  open,  it  renders  audible  the 
prime  tone  of  the  tuning-fork — a  simple  tone,  therefore.  With  this  apparatus 
it  is  possible,  by  opening  the  resonance-tube  more  or  less  perfectly  by  means  of 
keys,  to  sound  and  combine  at  will  strong  or  weak  individual  tones.  In  this 
way  not  only  vowels,  but  also  the  characteristic  sounds  of  various  instruments, 
may  be  synthetically  represented.  The  same  result  may  more  simply  be 
effected  by  means  of  reed-pipes,  which  yield  simple  tones  (Helmholtz). 

Diphthongs  are  produced  during  the  transition  from  the  form 
of  mouth  necessary  for  the  one  vowel  to  that  necessary  for  the 
other.  They  consist  of  two  sounds  following  quickly  one  upon  the 
other. 

Consonants. 

The  articulate  sounds  called  consonants  are  sounds  produced  by 
the  vibrations  of  certain  easily  moveable  portions  of  the  throat  and 
mouth;  and  they  have  a  different  sound  according  as  they  are 
accompanied  by  voice  or  not.  The  pharyngo-buccal  canal  is 
capable  of  constriction  or  interruption  at  three  places,  at  each  of 
which  vibrations  may  be  produced  ;  these  are  :  1.  At  the  lips,  the 
constriction  being  formed  by  the  two  lips,  or  by  the  upper  (or 
lower)  lip  with  the  lower  (or  upper)  row  of  teeth.  2.  Between 
the  tongue  and  the  palate,  the  constriction  being  brought  about 
by  the  apposition  of  the  tip  of  the  tongue  to  the  anterior  portion 
of  the  hard  palate,  or  the  posterior  surface  of  the  upper  row  of 
teeth.  3.  At  the  fauces,  the  constriction  being  due  to  the  approx- 
imation of  the  root  of  the  tongue  and  the  soft  palate.  Sounds 
may  originate  at  each  of  these  places  of  interruption ;  and  hence 
consonants  may  be  classified  into  three  series,  viz.  labial,  dental, 
and  guttural  consonants. 

The  sounds  which  may  be  formed  at  each  of  the  places  of 
interruption  are  (Briicke)  : 

1.  Explosives.  These  are  produced  by  suddenly  opening  or 
closing  the  passage  at  one  of  the  points  mentioned  dming  the 
expulsion  of  air :  a,  without  the  aid  of  voice,  P,  T,  K ;  6,  with 
the  aid  of  voice,  B,  D,  Gr. 

Opening  of  the  passage  is  necessary  for  the  formation  of  one  of  these  conso- 
nants when  it  begins  a  syllable ;  closure  when  it  ends  one  (e.g.  pa,  ap).  As  P, 
T,  and  K  are  distinguishable  from  B,  D,  and  G  respectively  only  by  the  absence 
or  presence  of  the  voice,  no  sharp  distinction  is  possible  between  them  during 
whispering. 

2.  AsPiEATES.  The  passage  is  constricted  at  one  of  the  above- 
mentioned  points  to  a  small  slit  through  which  the  current  of 
expired  (or  inspired)  air  can  rush.  Hence  arise  the  following  con- 
sonants :  a,  without  the  aid  of  voice,  F,  S  (sharp),  Ch  (guttural  \ 
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h,  with  the  aid  of  voice,  V,  Z,  J  (as  in  the  German  ja,  &c.)  At 
the  constriction  between  the  tongue  and  the  palate  a  second  aspi- 
rate may  be  formed,  in  addition  to  the  sharp  S,  viz.  L,  by  com- 
pletely closing  the  passage  in  front  and  allowing  the  air  to  escape 
only  at  the  sides  between  the  molar  teeth.  By  forcing  air  through 
two  narrow  spaces  situated  one  behind  the  other,  viz.  that  between 
the  tip  of  the  tongue  and  the  hard  palate,  and  that  between  the  two 
rows  of  teeth,  two  other  sounds  may  be  produced :  a,  without  the 
aid  of  the  voice,  Sh  ;  b,  with  the  aid  of  the  voice,  Zh.  If  a  space 
be  left  between  the  tip  of  the  tongue  and  both  rows  of  teeth,  the 
following  consonant-sounds  are  produced:  a,  without  the  aid  of 
the  voice,  Th  (hard)  as  in  than ;  with  the  aid  of  the  voice,  Th 
(soft)  as  in  thunder.  The  guttural  Ch  may  be  produced  near  the 
front  of  the  mouth,  as  in  the  German  word,  ich ;  or  near  the  back, 
as  in  ach. 

r  and  V,  &c.  are  distinguished  in  the  same  way  as  P  and  B,  &c. 

3.  Eesonants.  The  current  of  air  no  longer  passes  through 
the  usual  opening,  which  is  closed,  but  through  the  nose,  which 
is  left  open  by  the  depending  soft  palate.  The  aid  of  the  voice  is 
necessary.    The  consonants  thus  produced  are  M,  N. 

4.  Vibratory  Sounds.  There  are  three  varieties  of  the  vibra- 
tory E  which  differ  in  their  place  of  origin.  The  first  is  the  labial 
H,  produced  by  the  vibration  of  the  lips,  which  does  not  occur  as 
an  articulate  sound  in  any  European  language ;  the  second  is  that 
produced  by  the  vibration  of  the  tip  of  the  tongue  in  the  con- 
stricted portion  of  the  buccal  cavity  formed  by  the  tongue  and  the 
teeth  ;  and  the  third  is  the  guttural  E.  In  order  to  produce  them 
the  pharyngo-buccal  cavity  is  constricted  at  the  necessary  point, 
but  not  firmly ;  and  the  margins  are  then  set  vibrating  by  the 
expiration  of  air.  The  vibrations  are,  however,  too  slow  to  give 
forth  a  definite  note. 

The  consonants  may  therefore  be  grouped  in  the  following 
manner : 


Labials 

Dentals 

Gutturals 

1.  Explosives : 

a.  Without  the"\ 
voice   .    .  / 

b.  With  the  voice 

2.  Aspirates : 

a.  Without  the"1 
voice    .    .  / 
h.  With  the  voice 

3.  Resonants : 

4.  Vi  hratory"! 

sounds .    .  J 

P 
B 

F 

V 
M 

Labial  R 

T 
D 

S  (hard),  L,  Sh,  Th  (hard) 

Z,  L,  Zh,  Th  (soft) 
N 

Lingual  R 

K 
G 

Ch  (in  'ich'  and  'ach') 

J  (in'ja') 
N  (nasal) 

Guttural  R 

.  H  is  the  sound  produced  in  the  larynx  by  the  quick  rushing  of 
the  current  of  air  thi'ough  the  widely  opened  glottis. 
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Compound  consonants  are  produced  by  suddenly  opening  the 
air-passage  previously  closed  for  the  utterance  of  P,  T,  or  K,  as  the 
case  might  be,  and  allowing  the  current  of  air  to  rush  through  the 
second  of  the  before-mentioned  places  of  constriction  narrowed  as 
if  for  the  utterance  of  S  (hard)  :  thus  are  produced  Ps  (Greek  '^), 
Ts  ( Grerman  Z),  and  Ks  (X).  Other  compound  consonants  are 
formed  by  the  rapid  transition  from  the  position  of  mouth  neces- 
sary to  produce  one  consonant  to  that  necessary  to  produce  the 
other. 

Observations  upon  the  movements  which  take  place  during  the  formation  of 
speech  are  made  partly  hy  direct  inspection  of  the  cavity  of  the  mouth  while  the 
latter  is  open,  and  partly  by  palpation  hy  means  of  the  iingers  introduced  into 
the  mouth.  In  order  to  decide  whether  the  posterior  nares  are  opened  or  closed 
at  any  particular  time,  a  candle-flame,  or  a  bright,  cold  mirror  may  be  placed  in 
front  of  the  nasal  openings  on  the  face.  Finally,  many  of  the  conditions  of 
speech  have  been  determined  by  noticing  the  mode  of  utterance  in  persons 
suffering  from  pathological  malformations  of  the  vocal  organs ;  such  as  absence, 
or  adhesion  of  the  soft  palate,  &c. 


PAET  III. 

THE  '  LIBERATI2s'G'  OR  'DISCHARGING'  APPARATUS. 


The  Nervous  System. 

The  nervous  system,  the  importance  and  general  relations  of  which 
have  already  been  referred  to  in  the  Introduction,  comprehends 
three  distinct  orders  of  apparatus,  which  may  be  classified  as  con- 
sisting of  (1)  purely  conducting  organs,  (2)  terminal  end-organs, 
(3)  central  organs. 


CHAPTER  IX. 


THE  CONDUCTING  APPARATUS  (NERVES). 

A.    GENERAL  PHYSIOLOaY  OF  NERVES. 

The  elements  of  a  nervous  cord  are  thin,  longitudinally  striated 
fibres,  which  are  arranged  side  by  side  into  round  or  flattened 
bundles  (nerves),  and  bound  together,  like  the  '  muscle  tubes  '  of 
muscle,  by  means  of  interspersed  connective  tissue  which  extends 
over  the  exterior  of  the  bundle  as  a  firm  fibrous  sheath  {perineu- 
rium). Each  nerve-fibre  is  a  tube  filled  with  partly  fluid  contents. 
The  thin  walls  of  the  tube  (the  primitive  sheath,  neurilemma) 
consist  of  an  elastic  membrane  like  the  sarcolemma  of  muscles, 
and  are  provided  with  large  nuclei.  The  contents  of  the  tubes  are 
divided  into  a  thin  cord  running  in  the  axis — the  axis-cylinder — 
and  a  shining  mass  surrounding  it — the  medulla  or  medullary 
sheath — composed  of  a  substance  which  easily  breaks  up. 

The  fine  nerve-fil^res  of  a  certain  class  do  not  possess  a  medul- 
lary sheath,  and  consist  simply  of  an  axis-cylinder  and  a  sheath 
{non-medullated  nerve-fibres).  A  third  class  of  nerve-fibres  is 
characterized  by  the  regular  varicose  arrangement  of  the  axis- 
cylinder,  and  the  absence  of  all  signs  of  a  sheath  {gray  or  varicose 
fibres ;  fibres  of  Remak). 

The  distribution  of  the  various  classes  of  nerve-fibres  will  be 
discussed  in  Chap.  XI. 

The  axis-cylinder  is  especially  well  seen  after  the  death  of  the  nerve ;  and  it 
has  therefore  been  considered  by  many  to  be  a  post-mortem  (contracted)  coagulum. 
The  greater  number  of  observers,  however,  regard  it  as  existing  during  life ;  and, 
indeed,  it  must  be  considered  to  be  the  most  important  element  of  the  nerve- 
tube,  as  it  is  connected  directly  with  the  essential  portions  of  the  central  and 
peripheral  nervous  end-organs,  unless  we  are  prepared  to  regard  the  latter  also 
as  the  appearances  of  coagulation.  Many  axis-cylinders,  if  not  all,  consist  of  a 
bundle  of  very  fine  '  nervous  tibrillpe  '  (Max  Schultze).  An  especially  delicate 
species  of  axis-cylinders  (simple  nerve-tibrillffi,  Max  Schultze)  is  discovered  in 
the  central  nervous  organs,  forming  there  iutercentral  connections  between  the 
ganglion-cells  (Oliap.  XI.) ;  the  thickness  of  a  nerve-fibre  depends  essentially 
upon  the  greater  or  le.«s  thickness  of  the  medullary  sheath,  which  seems  to  serve 
the  purpose  of  nourishing  the  axis-cylinder.  Under  certain  methods  of  treats 
ment  medullated  nerve-fibres  exhibit  at  definite  distances  apart  annular  con- 
strictions at  which  the  medullary  sheath  is  said  to  be  interrupted.  _  As  a  nucleus 
of  the  neurilemma  is  constantly  found  between  two  such  constrictions,  it  would 
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seem  as  if  the  appearances  -were  indications  of  the  original  formation  of  a  nerve- 
fibre  out  of  a  row  of  cells,  the  constrictions  corresponding  with  the  divisions 
between  the  primitive  cells  (Ranvier  i). 

Digestion  dissolves  nervR-fibres,  leaving,  however,  in  the  case  of  medullated 
fibres,  a  horny  residue  which  essentially  consists  of  two  concentric  layers,  be- 
tween which  the  medullary  sheath  appears  to  extend  (Ewald  and  Kiihne*). 

Chemical  Constituents  of  Nerves. 

Scarcely  anything  is  known  about  the  chemical  constitution  of 
nerves.  The  axis-cylinder  seems  to  be  related  in  its  characters  to 
the  albuminous  bodies.  The  medullary  sheath,  whose  appear- 
ance and  behaviour  towards  solvents  indicate  a  fatty  nature,  pos- 
sibly contains  no  proper  fat,  but  only  lecithin  and  its  compounds. 
These,  however,  have  only  been  prepared  hitherto  from  brain- 
substance,  &c.,  and  not  from  nerve-fibres  themselves.  Nerve-fibres 
contain  in  addition  cholesterin  and  creatine,  besides  the  ordinary 
constituents  of  connective  tissue  and  a  horny  substance  (neuro- 
keratin). 

The  reaction  of  fresh  nerve  in  a  state  of  rest  is  neutral  (Funke^"). 
The  reaction  and  composition  of  brain-substance  will  be  discussed 
in  Chap.  XI. 

The  Various  Conditions  under  which  Nerves  exist. 

Nerves,  like  muscles,  present  themselves  under  three  condi- 
tions:  I.  The  usual  condition  of  Eest.  2.  The  condition  which 
terminates  in  Death.  3.  The  condition  of  Activity.  The  three 
conditions  cannot,  however,  in  the  case  of  nerves,  be  distinguished 
by  mere  inspection,  as  the  physical  properties  of  the  nerves  undergo 
no  alteration. 

The  mere  mechanical  properties  of  nerves  have,  as  a  rule,  no  interest  physio- 
logically speaking.  Flaccid  nerves  have  a  tendency  to  form  fine  transverse  folda 
— the  transverse  striae  of  Fontana. 

Nerve  in  a  State  of  Eest. 

A  certain  amount  of  material  exchange  occurs  in  nerves  in  a 
state  of  repose,  just  as  was  seen  to  be  the  case  in  muscles,  although 
hitherto  neither  absorption  of  oxygen  nor  formation  of  carbonic 
acid  has  been  proved  to  take  place.  The  existence  of  such  pro- 
cesses may,  however,  be  inferred  from  the  fact  that  nerves  contain 
specific  tissue-elements  which  differ  from  the  constituents  of  the 
blood.  The  extent  of  the  material  exchanges  occurring  in  nerves 
must  be  very  slight,  as  nerves  are  almost  destitute  of  blood  vessels; 
but  nothing  more  particular  is  known  about  them. 

'  Ranvier,  Archives  de  Physiologic.    1872,  p.  129. 

*  Ewald  u.  KUhne.  '  Ueber  einen  neuen  Bestandtlieil  des  Nervensystems.'  Verhandl. 
des  naturhist.  med.  Verein  zu  Heidelberg.    1  Bd.  5  Heft. 

*  Funke,  Centrulblalt.    1869,  p.  721. 
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THE  CONDITIONS  OF  NERVES. 


The  Process  of  Death  in  Nerve. 

The  process  of  death  of  nerve-tissue  is  not  marked,  like  that  of 
muscle,  by  any  evident  process  of  coagulation  ;  it  is  only  recognized 
by  the  loss  of  irritability  (see  below),  the  appearance  of  an  acid 
reaction  (Funke),  and  the  electro-motor  phenomena  which  will 
be  described  hereafter.  Dead  nerve-tissue  undergoes  putrefaction, 
just  like  dead  muscle,  if  not  prevented  from  doing  so  by  a  process 
of  drying. 

Nerve  in  a  State  of  Activity. 

The  active  condition  is  induced  in  nerves  by  the  same  means 
as  in  muscles,  viz.  by  some  liberating  force — some  stimulus  ;  and 
the  term  '  irritability '  is  applied  to  nerves  as  to  muscles,  to  in- 
dicate this  property  of  being  called  into  activity  by  the  application 
of  a  stimulus.  '  Excitability '  is  the  term  often  employed  to  dis- 
tinguish the  irritability  of  nerves. 

The  conditions  of  irritability  and  the  stimuli,  in  the  case  of 
nerves,  agree  in  many  particulars  with  those  of  muscles.  The  irri- 
tability of  nerves  is  greater  than  that  of  muscles ;  that  is  to  say, 
stimuli  which  are  physically  equal  (e.g.  equal  degrees  of  variation 
in  electric  currents  which  are  of  the  same  intensity),  have  a  more 
powerful  stimulating  effect  when  acting  upon  muscle  through  a 
nerve,  than  when  acting  directly  upon  a  muscle  deprived  of  its 
nervous  connections  by  the  action  of  curare  (Rosenthal). 

Exdtahility. 

1.  Excitability  is   connected  with  the  normal  constitution  of 

nerves.  Considerable  modifications  of  the  chemical  composi- 
tion (as  loss  of  water  by  diying,  the  action  of  caustics,  &c.) 
abolish  excitability. 

2.  Any  decided  mechanical  alteration  in  the  condition  of  a  nerve, 

such  as  tearing  or  twisting,  destroys  its  excitability. 

3.  When  a  nerve  ceases  to  be  connected  with  a  living  central  organ, 

owing,  for  example,  to  section  of  the  nerve  or  death  of  the 
central  organ,  its  irritability  increases  considerably  at  first, 
but  afterwards  diminishes  and  finally  disappears.  Transverse 
section  of  the  nerve  hastens  the  process  (Rosenthal) ;  which, 
moreover,  takes  place  more  quickly  in  the  central  portions  of 
the  nerve  than  in  those  nearer  the  periphery  (Ritter  and  Valli's 
law).  A  nerve  separated  from  its  central  organ,  but  still 
allowed  to  remain  in  the  body,  subsequently  undergoes  certain 
chemical  and  morphological  changes,  denominated  '  fatty  de- 
generation.' If,  however,  the  cut  ends  be  kept  in  apposition, 
they  gi-ow  together  after  some  time.    The  presence  of  oxygen 
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is  as  little  necessary  to  the  maintenance  of  irritability  in  the 
case  of  excised  nerves  as  in  that  of  muscles  (Pfliiger  and 
Ewald). 

4.  Continued  repose  of  a  nerve  diminishes  and  destroys  its  irrita- 

bility, and  leads  at  last  to  fatty  degeneration.  Sensory  nerves, 
when  cut  across,  undergo  degeneration  in  both  their  central 
and  peripheral  portions — in  the  former  because  they  can  no 
longer  be  irritated,  in  the  latter  because  they  are  separated 
from  the  central  nervous  organ. 

5.  Continued  activity  of  a  nerve  diminishes  its  excitability  in  pro- 

portion to  the  time,  and  may  destroy  it  altogether  (Exhaus- 
tion). In  the  former  case  rest  restores  the  nerve  to  its  original 
condition.  The  alterations  which  take  place  in  nerves  during 
exhaustion  have  not  yet  been  made  out. 

6.  The  effects  of  temperature,  hitherto  studied  only  on  frogs,  are 

the  following :  Temperatures  above  45°  C.  destroy  excitability 
the  more  rapidly  the  higher  they  are,  the  destruction  being 
instantaneous  at  70°.  If  the  temperature  to  which  the  nerve 
has  been  subjected  have  not  exceeded  50°,  excitability  may  be 
restored  on  cooling  (Eosenthal).  Below  45°,  a  rise  in  tem- 
perature at  first  increases,  but  afterwards  diminishes,  irrita- 
bility ;  the  increase  being  greater  and  the  diminution  more 
rapid  according  as  the  temperature  is  higher.  Eise  in  tem- 
perature, therefore,  diminishes  the  duration,  while  it  increases 
the  intensity,  of  excitability  (Afanasieff).  A  sudden  rise  of 
temperature  to  35°-45°  acts  as  a  stimulus  (see  below). 

7.  The  effects  of  electrical  currents  through  nerves  appear  to  be 

especially  important.  If  a  constant  galvanic  current  be 
passed  through  a  portion  of  a  nerve,  its  whole  length  enters 
into  an  altered  condition  (du  Bois-Reymond  *),  in  which, 
among  other  circumstances,  its  power  of  being  stimulated  is 
modified  (Eckhard,  Pfliiger  '^).  This  is  called  the  '  electTotonio ' 
condition,  or  '  electrotonus '  (du  Bois-Reymond).  The  con- 
dition which  obtains  in  the  region  of  the  positive  electrode 
(the  anode)  is  called  '  arielectrotonus,^  and  that  in  the  region 
of  the  negative  electrode  (the  cathode)^  ^  catelectrotonus  ^ 
(Pfliiger).  The  constant  current  which  causes  this  change  of 
condition  is  called  the  '  polarising '  or  '  electrotonising ' 
current.  The  boundary  between  the  anelectrotonic  and  cate- 
lectrotonic  states,  called  the  '  indifferent  point '  of  the 
'  intrapolar  region,"*  is  situated  near  to  the  anode  when  the 
polarising  current  is  weak,  and  moves  towards  the  cathode  as 
the  polarising  current  increases  in  strength.  The  influence  of 
electrotonus  is  strongest  in  the  neighbourhood  of  the  pole. 

'  Du  Bois-Keymond.  Von  dcr  Veriinderung  des  Nervenstroms  durch  eincn  stctin  ein- 
wirkendcn  elelilrische.n  Strom,  oder  den  eleltlroto7USchen  Zustande  der  Nerven  Untersuch- 
ungen.    Vol.  ii.  p.  289.  ' 

2  PflUger,  Untersuchungen  uber  die  Physiologie  des  Electrotonus. 
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Excitability  is  increased  in  the  ccUeledrotonic  area  and 
diminished  in  the  anelectrotonic  area.  Immediately  after 
the  cessation  of  the  polarising  current  the  conditions  of 
excitability  become  reversed  in  the  different  regions  (excita- 
bility being  increased  near  the  anode  and  diminished  near  the 
cathode) ;  but  afterwards  they  gradually  regain  the  normal 
(Pfliiger).  At  the  instant  of  closure  of  the  current,  excita- 
bility is  said  to  be  increased  in  the  whole  nerve  (Wundt). 
(Reference  should  be  made  in  this  connection  to  what  is  said 
below  about  Stimuli  and  the  Electrical  Phenomena  of  Nerves.) 

The  variations  of  excitability  may  be  explained,  for  the  sake  of  illustration, 
by  supposing  for  the  moment  that  the  particles  of  nerve-matter  in  the  anelec- 
trotonic area  have  a  diminished,  while  those  in  the  catelectrotonic  area  have  an 
increased,  degree  of  mobilit3^  Variations  of  excitability  are  measured  either  by 
difierences  in  the  degree  of  contraction  produced  by  stimuli  which  should  be 
weak  ;  or  by  variations  in  the  strength  of  the  stimulus,  which  is  just  sufficient 
to  induce  the  slightest  contraction.  The  results  so  obtained  admit  of  an  ex- 
planation, to  be  mentioned  below,  which  does  not  require  the  assumption  of 
variation  in  the  d-^gree  of  excitability. 

The  electrotouic  variations  of  excitability  may  be  demonstrated  in  the  case 
of  man  also  by  the  application  of  a  constant  current  (Evdenburg,  Erb).  To 
prevent  disappointment,  however,  the  tes'^-stimulus  must  be  applied  at  the 
points  where  the  cun-ent  is  most  dense,  as  it  is  only  in  the  immediate  neigh- 
bourhood of  the  electrodes  that  the  current  passed  through  the  nerve  is  dense 
enough  to  induce  the  phenomena  of  electrotonus  ;  and  hence  it  is  that  it  appears 
as  if  there  were  an  anode  on  each  side  of  the  cathode,  and  a  cathode  on  each 
side  of  the  anode  (Erb). 

8.  In  the  same  nerve  all  fibres  do  not  possess  the  same  excita- 
bility, as  measm'ed  by  the  effects  produced  on  muscles  by  their 
irritation.  In  the  sciatic  nerve  of  the  frog,  for  instance,  the 
weakest  stimuli  induce  flexion,  the  stronger  extension  of  the 
foot  (Ritter,  Rollett). 

Stimuli. 

The  stimuli  which  are  able  to  call  a  nerve  into  activity  are  the 
following  : — 

1.  VaHations  in  an  electrical  current. — A  perfectly  constant 
current  flowing  through  a  nerve  does  not  appear  to  be  essentially 
capable  of  stimulating  the  nerve  to  activity,  even  if  apparently  so. 
Every  variation,  on  the  contrary,  in  the  intensity  of  the  current 
(or,  more  exactly,  in  the  density^  of  the  current)  produces  irritation 
in  the  nerve,  which  is  more  powerful  the  more  quickly  or  suddenly 

1  Whereas  the  external  effects  induced  by  a  current  in  passing  through  a  conductor, 
such  as  its  effect  in  causine  deflection  of  a  magnet,  merely  depend  upon  the  hiti-nsiti/  of 
the  current,  tlie  internal  effects,  such  as  the  heating  of  the  conductor,  depend  upon  the 
relation  of  the  section  of  the  conductor  to  the  intensity  ;  tlie  internal  effects  (iepending 
upon  the  '  density '  of  the  current,  by  which  is  understood  the  intensity  divided  by  the 
area  of  the  transverse  section  of  the  conductor  through  which  it  is  flowing.  In  nerves, 
AS  compared  with  muscles,  the  electro-motive  force  being  the  same,  the  '  intensity'  {in 
consequence  of  the  great  resistance  occasioned  by  their  thinness),  is  very  small ;  the  density 
of  the  current  is  however  almost  as  great  as  in  muscles. 
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the  variation  occurs  (dvi  Bois-Reymond).  The  variation  which  is 
most  frequently  used  as  a  stimulus  is  that  produced  on  making  or 
breaking  a  current  through  the  nerve :  i.e.  the  passage  of  the  intensity 
from  nought  to  the  full  strength  of  which  the  current  is  capable,  or 
the  reverse.  Any  other  variation,  however,  acts  as  a  stimulus  ; 
e.g.  the  sudden  increase  or  diminution  in  strength  of  a  current 
already  passing  thi-ough  the  nerve  ;  or  the  mere  alteration  of  the 
density  of  the  current  in  a  nerve,  the  intensity  of  the  whole  current 
remaining  unaltered. 

If  the  time  occupied  by  one  complete  variation  be  supposed  to  be  divided 
up  into  fractions,  and  these  fractions  talven  as  abscissae  :  and  if  the  density  of 
current  corresponding  with  each  of  those  fractions  of  time  be  regarded  as 
ordiuates ;  a  curve  will  be  obtained  which  will  represent  the  course  of  the 
variation  according  to  time.  From  the  law  just  enunciated  of  the  stimulation 
of  nerves  by  currents,  it  follows  that  the  value  of  a  given  variation  as  a  stimulus 
is  greater  the  more  sudden  the  ascent  or  descent  of  this  curve ;  but  the  more 
exact  conditions  of  this  relation  are  at  present  unknown.  From  the  same  law 
we  gather  that  a  nerve  may  be  very  powerfully  stimulated  by  means  of  a  very 
weak  cm-rent,  if  only  the  rapidity  with  which  it  is  allowed  to  break  into  or  out 
of  the  nerve  be  sufficiently  great.  Hence  the  shocks  of  frictional  electricity 
have  a  very  powerful  stimulating  effect ;  for  although  the  amoimt  of  electricity 
really  present  is  very  small,  the  cm-rents  it  forms  are  extremely  rapid  in  their 
appearance  and  disappearance.  For  similar  reasons,  the  rapid  cuiTents  of  the 
induction  coil  are  generally  used  for  the  purposes  of  stimulation.  On  the  other 
hand,  it  is  evident  that  a  very  strong  current  may  be  made  to  pass  through  a 
nerve  without  inducing  excitation,  if  care  be  taken  to  do  it  extremely  gradually. 

The  above-mentioned  stimulation  by  comtant  currents  is  evidenced  in  the 
case  of  motor  nerves  by  the  induction  of  tetanus  in  the  muscle  with  which  they 
are  connected,  and  in  the  case  of  sensory  nerves  by  sensations  (pain,  &c.), 
which  continue  during  the  passage  of  the  current.  The  appearances  in  the 
former  case  are  more  marked  with  ascending  than  with  descending  currents. 
They  are  present  in  the  case  of  very  weak  currents,  and  become  more  and  more 
decided  as  the  current  increases  in  strength,  until  a  certain  limit  is  reached, 
above  which  the  electrotonic  modifications  of  the  conditions  of  irritability  ao-ain 
render  the  results  less  marked  (Pfliiger). 

The  stimulating  effect  of  a  current  operates,  on  dosing  (and, 
in  general,  on  any  positive  variation \  at  the  cathode  only;  and, 
on  opening  (negative  variation),  at  the  anode  only.  In  other 
words,  a  portion  of  nerve  is  stimulated  by  a  current,  when  the 
latter  causes  in  it  the  appearance  (or  increase)  of  catelectro- 
tonus,  or  the  disappearance  (or  diminution)  of  anelectrotonus 
(Pfliiger).  The  stimulation  of  the  other  portions  of  the  nerve  is 
only  a  consequence  of  the  transmission  of  excitation  (see  below). 

Expressed  in  the  hypothetical  manner,  Pfliigei-'s  law  of  stimulation  would 
run  thus :  The  passage  of  the  molecules  of  nerve-matter  from  the  usual  into  the 
mobile  (catelectrotonic)  condition  ;  or  from  the  hardly  mobile  (anelectrotonic) 
mto  the  usual  condition,  acts  as  a  stimulus.  On  the  contrary,  the  passan-e  from 
the  usual  into  the  hardly  mobile  (anelectrotonic)  condition  or  from  the  easily 
mobile  (catelectrotonic)  into  the  usual  condition,  does  not  act  as  a  stimulus 
In  this  form  the  law  is  somewhat  more  intelligible,  on  account  of  the  rationale 
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The  experiments  from  which  this  law  has  been  deduced  are  rather  compli- 
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cated.  As  they  liave  been  for  the  most  part  made  upon  mo'or  nerves,  the  law 
is  also  called  the  '  Law  of  Contraction.'  If  the  stimulating  current  he  allowed 
to  pass  through  a  given  (central)  portion  of  the  nerve,  the  whole  of  the  latter 
is  divided  into  two  parts,  in  which  opposite  conditions  obtain,  in  one  the 
anelectrotonic,  in  the  other  the  catelectrotonic.  The  above  law  affirms  that,  on 
closing  the  stimulating  current,  it  is  the  catelectrotonic  area  only,  while,  on 
opening,  it  is  the  anelectrotonic  area  only,  which  suffers  stimulation.  Hence 
we  may,  if  we  like,  express  the  law  as  follows :  Stimulatimi  proceeds  from  the 
cathode  on  closing,  and  from  the  anode  on  opening,  the  stimulating  current.  If 
the  stimulating  cm-rent  has  an  ascending  direction  {i.e.  if  the  positive  electrode 
is  nearer  the  muscle)  it  is  evident  that  the  upper  portion  of  the  nerve  will  be 
stimulated  during  closure,  and  the  lower  during  opening,  of  the  stimulating 
current :  and  the  contrary  results  will  obtain  if  the  current  is  descending.  It 
may  now  be  asked,  which  regions  of  the  nerve,  on  stimulation,  caU  the  con- 
nected muscle  into  activity,  i.e.  induce  contraction ;  and  the  answer  will  be 
found  to  depend  upon  the  strength  of  the  current  used  in  stimulation.  Thus, 
when  the  current  is  strong,  the  anelectrotonic  area  loses  its  powers  of  conduc- 
tivity (see  below),  in  consequence  of  which  only  the  stimuli  operating  in  the 
portion  of  nerve  between  it  and  the  muscle  can  possibly  produce  a  contraction. 
In  the  case  of  strong  currents,  therefore,  the  descending  current  can  only  act 
effectively  on  closing  and  the  ascending  only  on  opening.  With  cm'rents  of 
medium  strength  both  areas  or  regions  have  the  power  of  inducing  stimulation 
and  causing  contraction  of  the  connected  muscle,  as  the  conductivity  of  the 
whole  nerve  is  nowhere  interrupted.  In  this  case,  therefore,  whatever  the 
direction  of  the  current,  contraction  wiU  follow  on  both  opening  and  closing. 
With  currents  of  the  weakest  sort,  that  area  only  will  act  as  a  stimulus  in 
inducing  contraction  which  is  most  favourably  situated  for  the  purposes  of 
stimulation  ;  that  is  to  say,  coiteris  paribus,  that  area  which  is  most  removed 
from  the  muscle  (see  under  Conductivity).  When,  therefore,  the  current  is  very 
weak,  closing  the  ascending,  and  opening  the  descending,  current  should  induce 
contraction.  But,  as  the  appearance  of  catelectrotonus  is  a  stronger  stimulus 
than  the  disappearance  of  anelectrotonus,  the  latter  operation,  viz.  opening  the 
descending  current,  gives  place  to  closure  of  the  same  as  a  more  powerful  means 
of  stimulation  ;  and,  in  consequence,  the  weakest  descending  currents  do  not 
give  opening — but  closing — contractions.  The  law  of  contraction  may  be 
formulated  thus : 

(E,  =  Eest,  C  =  Contraction). 


strength  of  Current 

Ascending 

Descending 

On  closing 

On  opening 

On  closing 

On  opening 

Strong 
Moderate  . 
Weak 

R 
C 
0 

0 
0 
R 

c 
c 
c 

R 
0 
R 

Indiiction  currents  are  currents  which  are  called  into  existence  very  sud- 
denly and  disappear  somewhat  more  slowly.  Of  the  two  means  of  stimulation 
which  follow  thus  immediately  one  upon  the  other,  the  former,  according  to  the 
above-mentioned  general  law  of  stimulation,  is  the  more  powerful.  In  the  case 
of  weak  currents,  indeed,  it  is  the  only  one  of  the  two  which  is  effectual ;  so 
that  weak  induction  currents  act  in  stimulation  like  the  closure  of  a  similarly 
directed  constant  current.  With  this  imderstanduig,  the  Law  of  Contraction 
holds  for  induction-currents  also  (Rosenthal). 

The  effects  of  stimuli  on  the  centripetal  nerves  of  animals  can  only  be 
imperfectly  investigated.    The  method  adopted  is  to  induce  an  exti-eme  reflex 
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irritability  by  means  of  strychnia-poisoning,  in  order  that  peripheral  stimuli 
may  readily  induce  tetanic  muscular  contractions  (Ohap.  XI.)  An  analogous 
law  of  stimulation  may  be  demonstrated  in  the  case  of  inliibitory  nerves,  as,  for 
example,  the  inhibitory  fibres  of  the  vagus  (Donders). 

If  the  current  used  in  stimulation  is  very  strong,  or  has  been  kept  closed  for 
some  time,  tetanus  occurs  on  opening  (tetanus  of  Ritter),  instead  of  the  usual 
single  contraction.'  This  tetanus  immediately  disappears  on  reclosing  the  same 
current,  but  is,  on  the  contrary,  intensified  if  the  current  is  first  reversed  and 
then  closed.  As  Ritter's  tetanus  results  from  the  strong  irritating  efiect  due  to 
the  disappearance  of  anelectrotonus,  it  ceases  immediately  on  separating  the 
anelectrotouic  area  of  the  nerve  from  the  muscle ;  which  can  only  be  done,  for 
obvious  reasons,  in  the  case  of  descending  currents,  where  section  of  the  nerve 
at  the  'indifferent  point'  accomplishes  the  purpose  (Pfliiger).  The  con- 
dition of  the  nerves  just  referred  to  was  formerly  considered  to  be  a  distinct 
modification  of  excitability,  similar  to  those  described  on  p.  3.36  ;  and  it  used  to 
be  said  that  the  constant  current  increased  the  excitability  of  the  nerve  for  the 
opening  of  a  current  in  the  same  and  for  the  closure  of  a  cuj'rent  in  the  contrary 
direction  ;  and  vice  versa  (Rosenthal).  The  pbenomena  described  are,  however, 
easily  explicable  by  Pfliiger's  law  of  stimulation.  If  the  stimulating  current  is 
too  weak,  or  has  been  closed  for  an  insufficient  time,  or  if  the  excitability  of  the 
nerve  is  diminishing  on  account  of  the  approaching  death  of  the  latter,  then  a, 
somewhat  languid  contraction  takes  place,  followed  finally  by  the  usual  opening 
contraction,  instead  of  the  tetanus  of  Ritter. 

The  power  of  constant  currents  to  restore  irritability  to  exhausted  muscles, 
also  belongs  to  this  category  of  phenomena ;  for  it  must  not  be  forgotten,  tbat 
aU  the  laws  of  the  electrical  stimulation  of  nerves  are  equally  applicable  to 
muscles.  In  the  case  of  muscles  also,  for  instance,  stimulation  only  results  on 
opening  a  ciu-rent  in  the  same,  or  on  closing  a  current  in  the  contrary  dii'ection. 

As  stimulation,  according  to  Pfliiger's  law,  depends  upon  the 
appearance  or  disappearance  of  a  different  condition  (electrotonus) 
of  the  nerve,  none  can  result  from  currents  which  are  too  transitory 
to  allow  of  the  completion  of  the  electrotonic  state.  Experiment 
confirms  this  statement ;  as  currents  which  do  not  last  more  than 
0'0015  of  a  second  are  incapable  of  stimulating  nerves  (Konig). 

Currents  have  the  most  powerfully  stimulating  effects  when 
they  traverse  the  nerves  in  the  direction  of  their  length,  being 
indeed  powerless  in  this  respect  when  flowing  transversely.  Cur- 
rents in  directions  intermediate  between  these  two  extreme  posi- 
tions have  intermediate  values  as  stimuli,  the  laws  of  which  have 
not  yet  been  established.  The  length  of  the  portion  of  nerve  tra- 
versed by  the  stimulating  current,  which  was  formerly  supposed  to 
influence  irritability  favourably,  is  now  known  to  do  so  only  in  the 
case  of  descending  currents,  while  in  ascending  currents  the 
shorter  the  piece  of  nerve  included  between  the  electrodes,  the 
better  appears  to  be  the  stimulating  effect.  Stimulation,  there- 
fore, according  to  the  law  of  electrotonus,  is  more  powerful  the 
nearer  the  cathode  to,  and  the  farther  the  anode  from,  the  muscle 
(Willy). 

In  the  electrical  stimulation  of  muscles,  the  same  laws  hold 
as  in  that  of  nerves.    Here,  also,  it  is  only  variations  in  currents 

\  ^^'^  Bois-Reymond,  who  first  employed  the  expression  '  Eitter'a  tetanus,'  Unter- 
tucnungen.    VoJ.  j.  p.  3G5.  v>"ic< 
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that  produce  stimulation,  which,  as  before,  proceeds,  on  closing, 
from  the  cathode,  and,  on  opening,  from  the  anode  (von  Bezold). 
As  changes  tate  place  more  slowly  in  muscle  than  in  nerve  (as 
evidenced,  for  example,  by  the  different  degrees  of  rapidity  with 
which  they  transmit  impressions),  length  of  duration  of  tlie  stimu- 
lating current  is  more  necessary  in  the  former  than  in  the  latter 
for  the  production  of  stimulation.  Hence  all  induction-currents, 
and  the  more  transitory  constant  currents,  are  unable  to  stimulate 
to  contraction  muscle  deprived  of  its  nervous  connections  by  curare, 
while  they  are  able  to  cause  contractions  in  a  muscle  by  acting 
upon  its  motor  nerves  (Briicke).  This,  fact  was  early  known  to 
be  the  case  with  muscles,  the  nervous  organs  of  which  were  ren- 
dered incapable  of  performing  their  functions  by  exhaustion,  local 
death,  pathological  paralysis,  &c.  (von  Bezold,  Fick,  Neumann). 

Pfliiger's  law  of  stimulation  may  be  demonstrated  to  hold  in  the  case  of 
muscles  in  the  following  ways  (Engelmann)  : — 

1.  A  muscle  a  b  (fig.  27)  is  fixed  by  its  middle  portion  0,  care  being  taken 
not  to  crush  it,  and  .the  lower  half  is  arranged  so  as  to  register  its  contractions 


Fig.  27. 


Fig.  28. 


Fig.  29. 


on  a  myograpMon.  If  the  cathode  be  placed  at  A  and  the  anode  at  b,  the  latent 
period  occurs  sooner  during  a  closing  contraction  than  during  an  opening  con- 
traction, as  in  the  former  case  the  stimulus  proceeds  from  A  and  m  the  latter 
from  B  ;        vice  versa.  . 

2.  If  the  electrodes  be  placed  at  the  thin  edges  of  a  piece  of  flat  muscle,  split 
as  in  fig.  28,  contraction  follows,  on  the  passage  of  a  moderate  current,  in  the 
strip  next  the  cathode  on  closing,  and  in  that  next  the  anode  on  opemng ;  ot 
course  each  fibre  has  its  own  cathode  and  anode,  but  the  density  of  the  current 
is  only  sufficient  to  induce  contraction  in  the  neighbourhood  of  the  pomts  where 
stimulation  originates.  If  the  muscle  be  not  split  (fig.  29)  it  bends,  for  the 
same  reasons,  en  closure  towards  the  cathode  (a)  and  on  opening  towards  the 
anode  (o). 

2.  Chemical  stimuli.— It  may  be  stated  in  general  that  what- 
ever effects  in  a  nerve  a  change  of  chemical  constituti  n  of  a  cer- 
tain extent  and  with  a  certain  degree  of  rapidity  acts  upon  it  as  a 
stimulus.  Almost  all  chemical  stimuli  cause  at  the  same  time  the 
death  of  the  nerve  to  which  they  are  applied,  i.e.  they  destroy  its 


NERVE-STIMULI.    ACTIVE  CONDITION. 


341 


irritability.  But  the  contrary  of  this  cannot  be  stated,  viz.  that 
all  destructive  substances  act  as  stimuli ;  for  some  of  them,  as,  for 
instance,  ammonia  and  solutions  of  metallic- salts,  produce  death  so 
rapidly  as  to  prevent  the  development  of  the  stimulating  effect. 
Chemical  stimuli  must,  as  a  rule^  be  in  a  more  concentrated  state 
for  nerves  than  for  muscles,  as  the  substance  of  the  former,  espe- 
cially the  sheath,  permits  but  slow  diffusion  of  liquids..  The  prin- 
cipal cliemical  stimuli  for  nerves  are  the  following  (Eckhard, 
Kiihne  ^ ) :  concentrated  solutions  of  the  mineral  acids,  alkalies, 
alkaline  salts,  concentrated  lactic  acid,  concentrated  glycerin,  &c. 
Deprivation  of  water  (desiccation)  also  acts  as  a  strong  stimulus. 

3.  Thermal  stimuli. — A  temperature  of  from  34°  to  45°C.  acts 
as  a  stimulus  to  the  motor  nerves  of  the  frog,  without  producing 
serious  consequences ;  temperatures  up  to  40°  causing  clonic,  and 
temperatures  above  40°  tetanic,  contractions  of  the  connected 
muscles.  Higher  temperatures  kill  the  nerve  without  acting  as 
stimuli  (Rosenthal,  Afanasieff). 

4.  Mechanical  stimuli. — All  mechanical  impressions  which 
cause  alterations  of  form  in  any  portion  of  a  nerve  with  a  certain 
degree  of  rapidity  [e.g.  blows,  pressure,  ligature,  section,  &c.)  act  as 
stimuli  while  producing  the  change.  If  the  form  of  the  nerve  has 
been  permanently  injured,  irritability  and  conductivity  are,  as  a 
rule,  lost. 

5.  Natural  stimuli  originating  in  the  end-organs ;  that  is  to 
say,  the  stimuli  induced  in  the  central  nervous  organs,  or  in  the 
special  nervoiis  terminations  of  the  organs  of  sense,  by  the  action 
of  light,  sound,  heat,  pressure,  &c,,  which  it  is  the  function  of  the 
nerves  to  conduct  (consult  the  Introduction  to  this  Section  ^  and 
also  Chaps.  X.  and  XI,) 


Phenomena  of  the  Active  Condition. 

Concerning  the  active  condition  of  the  nerve  itself,  very  little 
is  as  yet  known.  We  know  neither  the  nature  of  the  forces  which 
become  free  during  that  condition  nor  the  chemical  processes 
which  form  their  basis.  There  is  absolutely  no  indication  in  the 
case  of  nerves — such,  for  instance,  as  exists  in  the  shortening  of 
muscle — which  serves  to  distinguish  an  active  from  an  inactive 
portion ;  and  the  only  chemical  difference  which  has  been  insisted 
upon  between  nerves  which  have  been  at  rest  and  nerves  which 
have  been  in  activity,  is  (Funke,  J.  Ranke  %  that  the  latter  ex- 
hibit an  acid  reaction  ;  but  even  this  is  denied  by  other  observers 
(LiebreichjHeidenhain      As  little  is  known  about  the  consumption 

du  7  iarJ'im^'"' ^'^^'^''^^^  "  I' Acad,  des  Sc.  de  Paris,  dans  les  Seances  du  21  fivikr  et 

2  Ranke,  Centralblatt  f.  d.  med.  Wissensch'ift,  1868,  No.  49. 

3  lleidenhain,  CmiraliluH.    1868,  No.  53. 
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of  oxygen  by  active  nerves  as  by  inactive  nerves.  No  generation 
of  heat  can  be  shown  to  take  place  in  active  nerves  (Helmholtz, 
Heidenhain).  More  will  be  said  concerning  the  electrical  appear- 
ances and  the  temporary  duration  of  the  activity  of  nerves  when 
considering  their  electromotor  properties. 

Transmission  of  the  State  of  Activity  along  the  Nerve-fibres. 

{Conduction,^ 

The  state  of  activity  in  a  nerve,  which,  as  above  mentioned,  is 
accompanied  by  no  external  manifestations,  leads  to  change  in  one 
of  its  two  end-organs,  the  peripheral  or  the  central.  Under  ordi- 
nary circumstances,  the  stimulus,  which  throws  the  nerve  into  the 
active  state,  is  applied  to  one  of  these  end-organs,  whereupon  a  cer- 
tain change,  which  we  are  accustomed  briefly  to  call  the  '  result,' 
becomes  evident  in  the  other.  If  this  '  result '  occurs  in  the  central 
end-organ  after  stimulation  applied  to  the  peripheral,  the  process 
is  called  centripetal ;  and  if  the  contrary,  centrifugal. 

As  a  rule,  only  cne  of  these  directions  is  possible  in  particular 
nerve-fibres ;  hence  a  distinction  is  made  between  centripetal  (or 
afferent)  and  centrifugal  (or  eferent)  nerves  and  nerve-fibres.  In 
addition  to  this  natural  method,  in  which  the  stimuli  are  applied 
to  the  end-organs,  nerves  may  be  artificially  stimulated  at  any  point 
in  their  course  ;  but  in  this  case  also  the  result  takes  place  in  the 
same  way  as  on  natural  stimulation,  viz.  in  a  central  organ  in  the 
case  of  a  centripetal  fibre,  and  in  a  |!)eripheral  organ  in  the  case  of  a 
centrifugal  fibre. 

The  simplest  explanation  of  this  behaviour  is  that  which 
supposes  that  on  normal  stimulation  of  an  end-organ  the  whole 
course  of  the  nerve  is  not  thrown  into  the  active  condition  at 
once,  but  that  the  state  of  activity  is  transmitted  from  one  ci-oss 
section  to  the  next,  and  so  conducted  through  the  whole  course  of 
the  nerve ;  that,  moreover,  any  stimulus  applied  at  any  point  in 
the  course  of  a  nerve-fibre  induces  the  active  condition  at  that 
point  only,  whence  it  is  transmitted  to  the  next  point,  and  so  on, 
just  as  in  the  case  of  normal  stimulation.  This  property  which 
nerves  have  of  transmitting  the  active  state  from  one  point  to  the 
next  until  the  end-organ  is  reached  is  called  their  conductivity. 
The  condition  necessary  for  conduction  is  that,  between  the  stimu- 
lated point  and  the  end-organ  in  which  the  result  is  to  be  manifest 
the  nerve  be  quite  intact.  Lesion  at  any  point  in  its  course 
through  section,  pressure  (ligature),  burning  or  cliemical  destruc- 
tion (treatment  with  caustics),  interrupts  conduction.  In  addi- 
tion, the  other  circumstances  which  diminish  irritability  act  at  the 
same  time  prejudicially  upon  conductivity,  as,  for  instance,  the 
anelectrotonic  state.  The  passage  of  the  active  condition  from 
one  fibre  to  another  never  occurs. 
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Such  a  passage  seems  to  take  place  ia  the  case  when,  on  isolated  electrical 
stimulation  of  one  branch  of  a  nerve,  contractions  follow  in  a  muscle  supplied 
by  another  branch.  This  so-called  '  paradoxical  contraction  '  will  be  discussed 
more  at  length  in  treating  of  the  electrical  phenomena. 

In  order  to  explain  the  difference  between  a  centripetal  and  a 
centrifugal  nerve-fibre,  it  was  formerly  supposed  that  every  nerve 
had  the  power  of  conducting  in  one  direction  only,  the  former 
towards  the  central,  the  latter  towards  the  peripheral,  nervous 
organs.  Such  a  supposition  is,  however,  unnecessary,  as  every 
nerve  is  connected  with  one  end-organ  only  which  is  capable  of 
exhibiting  the  results  of  conduction.  For  example,  no  nerve  exists 
which  is  at  one  end  connected  with  sensory  ganglion-cells  and  at 
the  other  with  a  muscle,  in  which,  therefore,  conduction  in  both 
directions  might  be  proved.  Hence  there  is  no  necessity  of  a  spe- 
cific distinction  between  centripetal  and  centrifugal  nerves  ;  and 
we  may  suppose  that  all  nerves  can  conduct  in  both  directions,  but 
that  only  one  of  the  end-organs  of  each  is  capable  of  indicating 
that  conduction.  That  such  a  power  of  conducting  in  two  directions 
does  really  exist  seems  to  be  indicated  by  the  following  circum- 
stances :  1 .  If  a  nerve  be  stimulated  at  a  given  point,  the  electrical 
changes  characteristic  of  nervous  activity  appear,  not  on  one,  but 
on  both  sides  of  the  point  of  stimulation  (du  Bois-Eeymond). 
2.  If  one  terminal  twig  of  a  forked  motor  nerve  be  stimulated, 
activity  is  induced  in  the  other  terminal  twig,  provided  the  common 
trunk  be  intact.  The  fibres  of  the  former  twig  must,  therefore, 
have  conducted  in  a  centripetal,  and  not  in  their  usual  centrifugal 
direction  (Kiihne).  3.  No  anatomical,  chemical,  or  physiological 
distinction  has  liitherto  been  made  out  between  fibres  of  the  two 
classes. 

The  most  direct  proof,  however,  of  this  power  of  nerves  to  conduct  in  oppo- 
site directions  is  an  experimental  one.  If  the  central  portion  of  a  severed 
sensory  nerve  be  caused  to  xmite  with  the  peripheral  portion  of  a  divided  motor 
nerve,  an  arrangement  will  have  been  created  for  indicating  conduction  in  two 
directions  (Bidder).  This  experiment  has  been  performed  in  the  case  of  the 
peripheral  end  of  the  hypoglossal  and  the  central  end  of  the  lingual ;  and  the 
results  were  such  as  were  anticipated  (Philipeaux  and  Vulpiau,'  Rosenthal). 
The  value  of  this  experiment  has  lately  been  questioned  by  Vulpian  himself, 
because,  according  to  him,  the  gustatory  nerve  acquii-es  motor  powers  on  mere 
section  of  the  hypoglossal  nerve,  which  are  to  be  asciibed  to  fibres  of  the  chorda 
tympani  which  are  contained  in  it ;  this  fact  is,  however,  denied  by  Echhardt ; 
further,  Vulpian  alleges  that  after  union  of  the  gustatory  and  hypoglossal  has 
occurred,  the  motor  power  possessed  by  the  former  declines,  if  the  chorda  be 
divided  so  that  its  fibres  degenerate  ;  the  research  demands  fm-ther  elucidation. 

A  physiological  distinction  between  the  two  classes  of  nerve-fibres  has  been 
sought  in  the  statement  that  certain  poisons  affect  one  kind  only  ;  thus  it  is  said, 
for  instance,  that  the  arrow-poison,  curare,  paralyses  motor  nerves  alone. 
It  has,  however,  been  shown  that  the  action  is  one  upon  peripheral  end- 
organs,  and  therefore  does  not  affect  the  properties  of  the  nerves  them- 
selves. 


Philipeaux  et  Vulpian,  Memoires  de  la  Societe  de  Biolugie,  1859,  p.  384. 
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The  active  condition,  therefore,  induced  first  of  all  at  the  spot 
where  the  stimulus  was  applied,  is  transmitted  by  conduction  to 
the  regions  on  both  sides  of  the  spot  in  the  case  of  a  stimulus 
applied  at  an  intermediate  point  of  the  nerve-fibre ;  or  to  the 
region  on  one  side  only  in  the  case  of  a  stimulus  applied  to  an  end- 
organ.  By  this  means  every  portion  of  the  nerve  passes  succes- 
sively into  the  state  of  activity.  It  has  been  observed  (Pfliiger) 
that  the  effect  of  stimulation,  as  manifested  in  an  end-organ  (e.g. 
the  contraction  of  a  muscle  on  irritation  of  a  motor  nerve)  is  more 
marked  the  farther  removed  is  the  point  of  stimulation  from  the 
end-organ.  This  is  explained  by  supposing  that  the  condition  of 
activity  does  not  travel  along  a  nerve  with  unaltered  force,  but  that 
it  increases  like  the  momentum  of  a  falling  mass  cascade-'  or 
'  avalanche-effect ').  It  is,  however,  more  probable  that  this  pheno- 
menon depends  upon  an  increased  irritability  of  the  more  distant 
portions  of  the  nerve,  due  to  artificial  division  where  such  has  taken 
place,  or,  perhaps,  in  other  cases,  to  the  proximity  of  the  central 
organ  with  which  it  is  connected. 


Rapidity  of  Conduction. 

The  processes  of  transmission,  upon  which  conduction  depends, 
take  up  a  definite  time.  Conduction  therefore  takes  place  with  a 
certain,  and  not  very  great,  degree  of  rapidity.  For  the  motor 
nerves  of  the  frog,  this  rapidity  is  about  26-27  metres  per  second 
(Helmholtz').  For  the  sensory  nerves  of  man  the  determinations 
vary.  The  following  are  some  of  the  principal  results  of  experi- 
ments : — 


94  metres  per  second 
60 
34 
30 
26 
41-3 


(Kohlrausch'') 
(Helmlioltz) 
(Hirscli*) 
(Schelske)* 
(de  Jaager^) 
(von  Wittich«) 


For  the  motor  nerves  of  man,  the  mean  rapidity  is  about  33-9 
metres  per  second  (Helmholtz  and  Baxf),  which  is,  doubtless,  the 
correct  rate  for  sensory  nerves  also.  Eapidity  of  conduction  is 
modified  by  various  influences,  being  diminished,  for  instance,  by 
cold  (Helmholtz),  and  also  by  either  phase  of  the  electrotonic  con- 
dition (von  Bezold^).    It  is,"  moreover,  probable  that  rapidity  of 

1  Helmholtz,  'Messuncen  iiber  den  zeitlichen  Verlauf  der  Reizung  in  den  Nerven,' 
Archh  f.  Anat.  u.  Phys.    1850,  p.  276  ;  and  1852,  p.  199- 

2  Kohlrausch,  Zeitschrift  f.  Rnl.  Med.    Vol.  xxviii.  (186CX  P- 

3  Hirsch,  Moleschotfs  tln'tersuchungen,  vol.  ix.    186.?,  p.  183. 
i  ^cheXskQ,  Archiv  f.  Anat.  u.  Phys.    18G4,  p.  151. 

s  Dondi'i-s  and  de  laager,  Nederlandsches  Archiv,  vol.  i.  p.  UlS.  ^ 

6  V.  Wittich,  'Ueber  die  Fortleitunf^sgcschwindigkeit  im  mensclilichen  x\ erven, 
Zeitschrift  f  Rat.  Medizin,  vol.  xxxi.  (.Srd  ser.)  p.  87. 

^  Heimiioltz  u.  Baxt,  Morwtsbericht  d.  Berl.  Acad.    18<0,  p.  184. 

8  v.  ]3ezold,  Ueber  die  electrische  Erregung  der  Nerven  und  Muskeln.  1861,  pp-  lUJ-lOO. 
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conduction  is  not  uniform,  but  diminishes  as  the  distance  from  the 
place  of  origin  of  the  stimulation  increases  (H.  Munke,  Helmholtz 
and  Baxt). 

For  the  determination  of  the  rapidity  of  conduction  in  the  motor  nerves  of 
the  fro;?  the  same  method  is  made  use  of  as  in  the  discovery  of  the  time  taken 
up  in  muscular  contraction  (p.  272).  That  is  to  say,  the  same  nerve  is  succes- 
sively stimulated  at  two  diti'erent  points  in  its  course  ;  on  stimulation  of  a 
point  nearer  the  muscle  the  period  of  latent  contraction  is  of  shorter  duration 
than  on  stimulation  of  a  point  more  distant,  in  consequence  of  which  contraction 
of  the  muscle  occiu-s  more  quickly.  The  duration  of  the  latent  period  in  each 
case  may  be  registered  either  hy  Pouillet's  method  or  by  means  of  the  myo- 
graphion ;  and  the  difference  of  diu'ation,  taken  in  connection  with  the  measured 
distance  between  the  two  points  of  stimulation,  gives  the  data  for  determining 
the  required  rapidity  of  conduction  in  the  nerve  (Helmholtz). 

lu  the  case  of  man  physiologists  were  formerly  limited,  in  the  determination 
of  the  rapidity  of  conduction,  to  sensory  nerves.  The  general  method  of  proce- 
dure is  as  follows  :  The  person  experimented  upon  gave,  on  perceiving  a  certain 
sensation,  a  preconcerted  signal.  The  time  intervening  between  this  signal  and 
another  connected  with  the  stimulus  which  had  given  rise  to  the  sensation,  was 
measm'ed  \)y  means  of  one  of  the  numerous  instruments  devised  for  such  a  pur- 
pose. Sometimes  Pouillet's  method  was  made  use  of  Ilipp's  chronoscope  (for 
an  account  of  which  see  the  Text  Books  of  Physics)  was  another  instrument 
used ;  as  was  also  Krille's  registering  apparatus,  in  which  marks  were  made 
upon  a  rotating  cylinder,  while  a  pendidum  was  so  arranged  as  to  record  seconds 
on  the  cylinder  at  the  same  time.  In  Hankel's  registering  apparatus,  which 
was  also  used  for  this  purpose,  the  marks  coincident  with  stimulation  and  sen- 
sation were  made  by  the  pressure  of  a  pencil  upon  a  surface  of  paratHn  fixed  at 
the  circumference  of  a  quickly  revolving  wheel,  while  the  rate  of  rotation  of  the 
wheel  was  checked  by  means  of  Itiille's  instrument.  Another  instrument  was 
Konig's  phonautograph,  on  the  same  principle  as  Krille's,  except  that  a  vibrating 
tuning-fork  recorded  time  instead  of  a  pendulum  ;  the  object  of  this  improve- 
ment being  to  register  much  smaller  intervals  than  is  possible  with  a  pendulum, 
a  most  important  point  when  the  rate  of  rotatirn  varies.  The  time,  so  measured, 
is  divisible  into  three  portions:  a  the  time  taken  up  by  the  passage  of  the  sen- 
sation to  the  brain  ;  h  the  time  occupied  in  the  perception  of  sensation  and  the 
origination  of  motor  impulse  ;  c  the  time  which  elapses  from  that  origination  to 
the  occurrence  of  the  pre-aii-anged  signal,  that  is  to  say,  T  =  a  +  6  +  If  now 
the  experiment  be  twice  made,  once  with  a  stimulus  applied  at  a  point  near  the 
brain,  and  once  at  a  point  more  remote  (say  at  the  neck  and  at  the  foot  respec- 
tively), the  difference  between  the  two  times  T  and  T',  considered  in  relation 
with  the  difference  in  length  of  the  nerve  traversed,  would  give  the  desu-ed 
rapidity  of  conduction  :  supposing  always  that  the  difference  between  T  and  T' 
consists  of  that  between  a  and  a'  only,  and  that  b  and  c  remain  the  f,ame  in  both 
experiments.  The  latter  supposition,  however,  with  regard  to  h,  cannot  always 
be  relied  upon  as  holding ;  for  it  has  been  found  that  the  kind  of  sensation,  a 
previous  knowledge  or  ignorance  of  it,  the  expectation  of  it  at  a  given  time,  the 
character  of  the  pre-arranged  signals,  &c.,  have  the  greatest  influence  upon  the 
time  (Bonders  and  de  Jaager).  The  great  difference  observable  in  the  deter- 
minations of  various  observers  may,  therefore,  depend  either  upon  the  incon- 
stancy of  the  factor  h  or  upon  real  individual  differences  of  conductive  power. 

The  rate  of  conduction  of  motor  nerves  of  man  is  determined  by  tracing  upon 
a  myograph  the  curve  of  contraction  of  the  muscles  of  the  thumb  by  means  of 
their  increase  in  tliickness.  Two  tracings  must  be  taken,  one  when  the  stimulus 
has  been  applied  to  the  nerve  at  a  point  on  the  arm  near  to  the  hand,  and  the 
other  when  it  has  been  applied  at  a  point  more  remote  from  the  hand,  from 
which  the  determination  is  easily  made  (Helmholtz).  It  may  bo  mentioned 
by  the  way,  that  weak  stimuli  were  found  during  these  experiments  to  be  con- 
ducted more  slowly  than  strong  ones. 
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Electrical  Phenomena  of  Nerves. 

1.  Action  of  Galvanic  Currents  upon  Nerves. 

The  resistance  of  nerves  to  electrical  conduction  is  about  five 
times  as  great  in  a  direction  across,  as  in  the  direction  of,  the 
fibres;  by  the  process  of  death  this  difference  is  diminished  by 
about  one-half.  The  cause  of  this  condition  is  altogether  or  in  part 
an  internal  polarization,  which  appears- at  the  border  between  the 
sheath  and  contents  of  the  nerve-tube.  This  polarization  develops 
instantly  on  closing,  and  vanishes  as  suddenly  on  opening,  the 
current  in  the  course  of  wliich  the  nerve  is  placed.  Similar  phe- 
nomena are  noticed  in  the  case  of  muscles,  in  which  the  resistance 
in  a  transverse  direction  is  seven  times  as  great  as  that  in  a 
longitudinal  direction  (Hermann'). 

The  resistance  offered  by  nerves  to  conduction  across  them  ('  Querwiderstand ') 
is  not  affected  by  stimulation  (Plermann)  ;  the  apparent  diminution  of  the  re- 
sistance in  a  longitudinal  direction  (Griinhagen)  depends  upon  the  changes  in 
excitability  which  occur  in  the  part  of  the  nerve  through  which  a  current  is 
passing.    These  will  be  treated  of  in  the  sequel. 

During  electrotonus  a  current  having  the  same  direction  as  the 
polarizing  current  is  evei-ywhere  demonstrable  in  the  extra-polar 
region,  and  adds  itself  algebraically  to  the  current  of  repose,  where 
such  is  present.  This  electrotonic  current  is  strongest  in  the 
region  of  the  electrodes.  It  appears  immediately  on  closing,  and 
is  constantly  diminishing  on  the  side  of  the  cathode  (du  Bois-Rey- 
mond).  No  cm-rent  in  the  same  direction  as  the  polarizing  current 
is  known  to  exist  in  the  intra-polar  region,  in  addition  to  the  polar- 
izing current  itself  (Hermann). 

The  sudden  appearance  of  the  electrotonic  current  in  the  extra-polar  regions 
may  act  as  a  stimulus  upon  neighbouring  nerves,  thus  causing  '  secondary 
contraction  or  secondary  tetanus  '(p.  290)  ;  of  such  a  nature  is  the  '  paradoxical 
contraction/  already  mentioned,  which  follows  in  a  muscle  connected  with  one 
branch  of  a  nerve  after  the  electrical  stimulation  of  another  branch  of  the  same 
nerve.  It  is  explained  by  supposing  that  the  contiguity  of  the  fibres  of  the  two 
branches  gives  opportunity  for  the  sudden  appearance  of  the  electrotonic  cm'rent 
in  the  one  to  act  as  a  stimulus  upon  the  other  (du  Bois-Reymond). 

After  breaking  the  polarizing  current  certain  *  after-currents  '  remain  (Fick) 
for  a  short  time.  In  the  intra-polar  and  anelectrotonized  extra-polar  regions 
they  have  the  opposite  direction  to  the  polarizing  current;  but  in  the  catelecti'O- 
tonized  extra-polar  region  the  '  after-current '  has  the  same  direction  as  the 
polarizing  current  (Hermann). 

The  electromotive  force  of  electrotonic  currents  is  very  great.  Some  elec- 
trotonic currents  have  been  observed  to  possess  electromotive  force  equal  to  half 
that  of  a  Daniell's  element  (du  Bois-Rej-mond) . 


1  Hermann,  Pfliiger's  Archiv,  vol.  xii,  p.  151. 
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2.  Essential  Electrical  Properties  of  Nerves. 

In  a  portion  of  nerve  bounded  by  two  transverse  sections,  the 
existence  of  currents  is  demonstrable  which  obey  the  same  laws  as 
those  of  muscle  (du  Bois-Reymond,'  consult  p.  285  et  seq.) 

No  currents  have  with  certainty  been  detected  at  any  natural 

cross-section  of  a  nerve. 

The  electromotive  force  of  tlie  current  passing  from  longitudinal  to  transverse 
sections  of  a  nerve  is,  as  a  rule,  equal  to  about  -02  of  a  Daniell's  element  (du 
Bois-Reymond).  As  far  as  yet  investigated,  temperature  appears  to  affect  it 
in  the  same  manner  as  it  does  the  muscular  current. 

On  stimulation  of  a  nerve  the  electromotive  force  of  the  essen- 
tial nerve-current  is  diminished  (du  Bois-Reymond).  This  '  nega- 
tive variation,'  which,  if  the  stimulus  is  strong  enough,  may  pro- 
ceed to  the  reversal  of  the  nerve-current,  develops  more  quickly 
than  it  disappears,  and  occupies  altogether  about  '0007  of  a  second 
(Bernstein^).  In  polarized  nerves  the  extra-polar  electrotonic  cur- 
rents also  exhibit  a  '  negative  variation '  on  stimulation  (Bern- 
stein) ;  in  the  intra-polar  region  stimulation  induces  the  appear- 
ance of  an  accessory  current  in  the  same  direction  as  the  polarizing 
current  (Hermann). 

Stimulation  applied  to  a  nerve-trunk  is  evidenced  by  the  negative  variation 
of  its  proper  cmTent,  just  as  a  stimulation  of  intramuscular  nerve-terminations 
is  evidenced  by  muscular  contraction.  The  same  use  may,  therefore,  be  made 
of  negative  variation,  as  of  the  contraction  of  -  muscle,  for  the  discoveiy  of  the 
laws  of  stimulation  of  nerves.  Both,  for  example,  are  diminished  if  the  region 
of  stimulation  be  already  anelectrotonized,  and  increased  if  it  be  catelecti'onized 
(Bernstein) ;  and  the  interval  of  time  betvreen  stimulation  and  the  occurrence 
of  the  negative  variation  may  be  used,  in  the  same  way  as  the  interval  between 
stimulation  and  contraction,  in  determining  the  rapidity  of  conduction  (Bern- 
stein). Since  the  difficulty  is  great  of  arranging  nerves  so  as  that  both  ends 
shall  be  connected  with  muscles,  whilst  it  is  easy  to  have  a  nerve  with  two 
artificial  transverse  sections,  negative  variation  aflbrds  the  simplest  means  of 
proof  of  the  power  of  nerves  to  conduct  in  opposite  directions  {d\i  Bois-Rej^mond). 

It  is,  moreover,  necessary,  just  as  in  the  case  of  muscle,  to  apply  to  nerves 
a  considerable  number  of  rapidly  succeeding  stimuli  in  order  to  indicate  the 
negative  variation  of  their  currents  by  the  needle  of  a  galvanometer.  It  is  not 
possible,  as  a  ride,  to  get  evidence  of  negative  variation  by  means  of  the  physio- 
logical rheoscope,  as  '  secondary  contraction  and  secondary  tetanus '  proceeding 
from  nerves  are  not  caused  by  the  negative  variation  of  the  proper  cm-rents  of 


'  [Throughout  the  sections  devoted  to  the  discussion  of  the  electromotive  properties  of 
muscle  and  nerve,  reference  is  continually  being  made  to  the  researches  of  du  Bois-Rey- 
mond. These  will  be  found  in  the  two  great  collections  of  the  scientific  writings  of  this 
distinguished  physiologist.  The  first  of  these  collections,  entitled  UntcrnKchungen  iiber 
Thierische  J'Jlehtricitat,  comprised  three  volumes,  of  which  the  first  appeared  in  1848,  the 
first  p  irt  of  the  second  in  1849,  and  the  second  part  of  the  latter  in  18G0.  In  those  volumes 
the  autiior,  besides  giving  a  critical  history  of  all  former  researches  on  animal  electricity, 
collected  all  the  results  of  his  own  investigations  prior  to  the  dates  of  their  publication! 
The  second  series  of  collected  writings  appeared  under  the  title  of  Gcsammelte  Abfiaiid- 
lungen  zur  allgemeinen  Musltd-  und  Nervenpliijsik  (Leipzig,  Verlag  von  Veit  u.  Comp.),  the 
first  volume  (398  pages)  appearing  in  1875,  and  the  second  (753  pages)  in  1877.] 

*  Bernstein,  '  Untersuchungen  Uber  d.  Erregungsvorgang  im  Kerven-  und  Muskel- 
systeme.'  1871. 
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the  latter,  but  by  the  currents  due  to  electrotonus.  For  example,  '  secondary 
contraction  '  does  not  follow  at  all  when  the  stimulus  applied  to  the  nerve  is  not 
electrical ;  find  it  may  be  shown  by  means  of  the  Law  of  Contraction  that, 
under  certain  circumstances,  '  secondary  contraction '  depends  upon  a  stimula- 
tion of  the  rheoscopic  nerve  due  to  positive  variation,  such,  P.r/.jas  that  caused 
by  the  appearance  or  disappearance  of  electrotonus  (du  Bois-Reymond).  The 
following  experiment  serves  for  determining  the  length  of  time'which  elapses 
between  stimulation  and  the  occurrence  of  negative  variation  (Bernstein)  :  A 
quickly-revolving  wheel  causes  at  each  revolution,  (1)  the  electrical  stimulation 
of  a  point, «,  of  the  nerve,  and  immediately  afterwards  (2)  tlie  transitory  closure 
of  a  circuit  Avhich  includes  a  galvanometer  and  a  portion  of  nerve  b,  arranged 
as  for  the  demonstration  of  its  natural  current.  The  interval  of  time  between 
(1)  and  (2)  can  be  varied  at  will;  and,  by  gradually  increasing  it  from  0,  a 
point_  is  at  last  reached  at  which  closure  of  the  galvanometer-circuit  exactly 
coincides  with  the  commencement  in  the  region  h  of  the  negative  variation  due 
to  the  stimulation  of  a.  The  time  thus  determined  clearly  indicates  the  period 
required  for  the  elFect  of  the  irritation  to  travel  from  a  to  h.  This  period  is 
proportional  to  the  length  of  nerve  between  a  and  b  (whence  it  immediately 
follows  that  the  effect  of  stimulation  commences  the  moment  it  is  applied); 
and  from  the  data  it  has  been  calcidated  that  irritation  travels  at  the  rate  of 
28*718  metres  per  second. 

If  the  time  between  (1)  and  (2)  be  so  arranged  that  the  nerve-current  in  b 
shows,  at  the  moment  of  closure  of  the  galvanometor-circiut,  not  the  beginning 
but  some  other  phase  of  the  negative  variation,  say  the  maximum,  or  the  end,  it 
is  possible  to  determine  from  the  time  intervening  between  (1)  and  (2)  the 
duration  and  progress  in  time  of  the  negative  variation  itself. 

There  are  two  theories  regarding  the  currents  of  nerves  as  of 
muscles.  According  to  the  '  Pre-existence  Theory '  (du  Bois-Eey- 
mond)  every  nerve-fibre  contains  regularly  arranged  electromotive 

Fig.  30. 
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DIAGRAM  EXHIBITING  THE  HYPOTHETICAL  ARRANGEMEXT  OF  ELECTROMOTOR 
MOLECULES  IN  MUSCLE,  AND  THE  DIRECTION  OF  THE  JIUSCULAR  CURRENT. 

L  s  is  the  longitudinal  surface,  t  s  is  the  transverse  surface,  of  the  muscle. 

molecules,  which  present  their  positive  elements  to  a  longitudinal, 
and  their  negative  elements  to  a  transverse,  section,  and  whose 
activity  diminishes  on  stimulation.  Electrotonic  currents  are  ex- 
plained, according  to  this  hypothesis,  by  attributing  to  the  polar- 
izing current  a  directive  action  upon  the  movable  molecules,  which 
are  supposed  to  be  so  turned  as  to  have  the  same  direction  as  the 
polarizer.  In  order  that  this  should  be  possible,  each  molecule 
must  be  supposed  to  be  divided  into  two  bipolar  halves,  incapable 
of  mechanical  or  chemical  separation,  each  of  which  can,  however, 
rotate  about  an  axis  of  its  own.  By  this  means  an  arrangement  of 
the  halved  molecules  end  to  end  is  possible,  wliich  is  most  com- 
plete in  the  neighbourhood  of  the  polarizing  electrodes,  and  which 
explains  the  electrotonic  cm-rent. 
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In  opposition  to  this  explanation  of  electrotonic  currents  may  be  cited  the 
condition  of  the  intrapolar  region.  According  to  the  above  theory  this  region 
should  exhibit  an  extremely  powerful  accessory  current  in  the  same  direction  as 
the  polarizer,  whereas  there  is  no  trace  of  such  a  ciu-rent. 

The  '  Difference  Theory '  (Hermann)  exj)lains  the  natural  cur- 
rent of  nerves,  like  that  of  muscles,  as  the  effect  of  contact ;  the 
contents  of  nerve-tubes  which  are  dying  or  in  activity  are  nega- 
tive to  the  contents  of  nerve-tubes  which  are  living  and  at  rest. 
The  cause  of  the  electrotonic  phenomena  is  the  polarization  at  the 
boundary  between  nerve-sheath  and  contents  to  which  reference 
has  already  been  made. 

If  a  current  passes  from  one  conductor  to  another,  and  if  at  the  boundary 
between  them  polarization,  and,  in  consequence,  a  change  of  resistance  occur,  both 
cuiTent  and  state  of  polarization  spread  out  over  the  region  about  the  points  of 
entrance  and  exit.  In  consequence  of  this  any  pair  of  electrodes  situated  in  an 
extra-polar  region  receives  a  branch  of  the  current  having  the  same  direction  as 
the  polarizing  current.  In  the  intra-polar  region  the  branches  of  the  original 
current  would  be  found,  if  it  were  possible  to  demonstrate  them,  to  have  a 
direction  opposite  to  that  of  the  polai'izer.  This  circumstance,  which  was  first 
shown  to  occur  in  the  case  of  moist,  covered  wires  (Matte  acci),  is  taken  to  ex- 
plain electrotonus  in  nerves,  as  in  the  latter  the  necessary  conditions  are  present 
(Hermann).  The polarization-ciu'rents  continue  a  short  time  after  the  polarizer 
is  broken ;  but  in  the  anelectrotonic  area  the  more  powerful  effect  of  tie  opening 
or  breaking  shock  at  the  anode  produces  the  appearance  of  reversal  of  the  after- 
current, which  flows  in  an  opposite  direction  to  the  polarizer  (see  above). 

If,  as  was  assumed  on  page  341,  conduction  in  a  nerve  is 
nothing  but  the  transmission  of  the  condition  of  activity  from  one 
portion  to  another,  then  both  the  above  theories  of  the  nerve- 
current  must  requii'e  that,  while  a  nerve  is  conducting,  the  point 
of  it  at  which  the  active  condition  for  the  moment  obtains  must  be 
negative  towards  every  other  point  in  the  long  axis  of  the  nerve. 
No  direct  indication  of  such  a  condition  has  as  yet  been  obtained. 

The  alterations  of  electrotonic  currents  effected  by  stimulation 
may  be  explained  by  assuming  that  the  effect  of  stimulation  in  its 
course  through  the  polarized  nerve  varies  in  intensity,  increasing 
when  it  reaches  a  point  which  is  more  positive  {i.e.  which  is  more 
strongly  positively,  or  more  weakly  negatively,  polarized),  and 
diminishing  when  it  reaches  a  point  which  is  more  negative.  In 
this  way  are  explained:  1.  The  positive  increase  of  current  in  the 
intra-polar  region  ;  for  the  effect  of  stimulation  is  more  powerful 
as  it  reaches  the  anode  than  as  it  reaches  the  cathode,  and  in  con- 
sequence the  former  becomes  through  irritation  more  strongly  nega- 
tive than  the  latter.  2.  Similarly  the  diminution  in  extra-polar 
electrotonus.  3.  The  negative  variation  of  the  proper  nerve- 
current  ;  for  the  latter  causes  negative  polarization  in  the  neigh- 
bourhood of  the  transverse  section,  in  consequence  of  which  the 
effect  of  stimulation  is  less  powerful  by  the  time  it  has  reached  the 
transverse  section,  and  every  longitudinal  section  tlierefore  becomes 
on  irritation  more  strongly  negative  than  a  transverse  section.  It 
follows  on  the  contrary  from  the  same  supposition  that  any  irrita- 
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tion  arising  in  a  positively  polarized  (anelectrotonic)  portion  of 
nerve  must  diminish  in  its  course  through  the  nerve,  while  any 
irritation  arising  in  a  negatively  polarized  (catelectrotonic)  portion 
must  increase.  Hence  we  can  see  the  cause  of  the  apparent  dimi- 
nution of  irritability  which  occurs  during  anelectrotonus,  and  of 
the  apparent  increase  during  catelectrotonus  (and  in  the  neigh- 
bourhood of  the  transverse  section).  The  phenomena  described  on 
page  339  may  also  in  this  way  be  explained  (Hermann). 

Theories  concerning  the  Nature  of  Nervous  Activity. 

Most  thinkers  on  the  subject  assume  the  existence  in  nerves  of 
movable  or  alterable  particles,  so  connected  together  that  the  move- 
ment or  alteration  of  any  one  leads  to  the  movement  or  alteration 
of  those  in  its  immediate  neighbourhood.  Many  identify  these 
particles  with  those  which  are  assumed  for  the  pmpose  of  explain- 
ing the  electromotive  properties  (p.  348)  of  nerves.  It  is  further 
supposed  that  the  movement  or  alteration  of  which  the  particles 
are  capable,  takes  place  in  opposition  to  resistances  or  inhibitions 
whose  power  is  inversely  proportional  to  the  irritability  of  the 
nerve.  These  inhibitions  or  resistances  are  diminished  in  catelec- 
trotonus and  increased  in  anelectrotonus. 

The  motion  or  alteration  of  one  of  the  nerve-particles  would,  therefore,  act 
like  a  stimulus  on  the  next,  whereby  it  seems  to  be  implied  that  conductivity 
proceeds  j?«r»  passu  with  irritability.  The  latter  is  not  apparently  always  the 
case.  Thus,  in  the  catelectrotonic  condition,  irritability  is  increased  while  the 
rapidity  of  conduction  diminishes ;  in  the  spinal  cord  there  are  said  to  exist 
conducting  fibres  which  are  incapable  of  direct  stimulation  (Chap.  XI.)  ;  and 
nerves  poisoned  by  conine,  curare,  or  carbonic  acid,  as  well  as  occasionally  the 
nerves  of  paralyzed  parts,  are  said  to  be  still  able  to  conduct  irritations  from  the 
nervous  centres,  but  are  incapable  of  direct  stimidation  (SchifF,  Erb,  Griin- 
hagen). 

There  are  various  views  as  to  the  nature  of  the  process  of  stimulation.  Some 
are  inclined  to  imagine  a  real  movement  (rotation,  deviation,  &c.)  ;  others  a 
chemical  change,  a  decomposition  analogous  to  that  which  takes  place  in  muscle, 
and  which  sets  free  a  similar  process  in  neighbouring  particles  somewhat  as  fire 
travels  along  a  train  of  gunpowder.  This  decomposition  would  occur  slowly 
even  during  repose,  and  would  be  accelerated  by  death  and  the  influences  in- 
creasing irritability.  Stimuli  (influences  suddenly  working)  would  cause  great 
acceleration,  and  the  impulse  to  decomposition  would  be  miparted  to  the  neigh- 
bouring particles  the  more  quickly  according  as  the  rapidity  of  the  process  was 
greater.  Death  spreads  slowly,  and  irritation  qmckly,  through  nerves ;  the  latter 
the  more  quickly  according  as  it  is  stronger. 

Polarization  which  occurs  at  the  border  between  the  sheath  and  contents  of 
a  nerve-tube,  and  upon  which  electrotonus  depends  (p.  346),  possibly  plays  an 
important  role  in  the  transmission  of  irritation.  As,  for  instance,  a  stimulated 
portion  of  the  interior  of  a  nerve  is  electrically  negative  to  the  surrounding  por- 
tions which  have  not  been  stimulated,  small  currents  aiise  which  tend  to  equalise 
through  the  sheathing  substance.  They  have,  however,  the  effect  of  producing 
anelectrotonus,  and  therefore  of  inhibiting  excitation  at  the  point  of  stimulation, 
and  of  causing  catelectrotonus,  with  the  accompanying  excitation,  in  the  surround- 
ing non-stimulated  portions. 
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The  Function  and  Classification  of  Nerve-Fibres. 

Although  it  is  highly  probable  that  all  nerve-fibres  are  perfectly 
alike  (p.  343),  some  classification  of  them  is  expedient.  The  usual 
division  is  founded  upon  the  accidental  function  of  the  fibres  as 
indicated  by  the  arrangement  of  their  end-organs.  The  function 
of  a  nerve  thus  determined  is  called  its  '  specific  energy.'  All 
nerve-fibres,  or,  more  exactly,  all  nerve-fibres  with  their  accom- 
panying end-organs,  may,  therefore,  be  divided  into : 

A.  Gentrifugally  conducting  or  '•  EfferenV  fibres  (p.  3  42):  1. 
Motor  fibres,  at  the  peripheral  end  of  which  is  a  muscular  fibre 
or  another  of  the  contractile  elements  mentioned  in  the  preceding 
Chapter ;  2.  Secreting  fibres,  at  the  peripheral  extremity  of  which 
stands  a  glandular  element,  and  whose  specific  energy  consists  in 
stimulating  increased  secretion  in  glands,  without  the  aid  of  the 
vaso-motor  apparatus,  on  reflex  or  central  excitation  ;  3.  Trophic 
fibres,  i.e.  such  as  regulate  the  processes  of  nutrition  (oxidation) 
in  the  various  parenchymata,  and  therefore  have  the  same  relation 
to  the  parenchymatous  juices  as  secreting  fibres  to  free  secretions. 
Their  existence,  although  not  improbable,  has  never  yet  been 
demonstrated.  Almost  all  the  phenomena  which  have  hitherto 
been  cited  to  prove  their  existence  may  be  referred  to  the  action 
of  motor  (and  especially  vaso-motor),  secreting  and  even  sensory 
fibres,  as  will  be  stated  in  describing  the  trigeminal  nerve.  The 
only  undoubted  case  of  nervous  influence  on  nutrition  is  that  of 
the  influence  on  the  nutrition  of  nerves  themselves.  It  has  been 
previously  stated  that  divided  nerves  undergo  fatty  degeneration 
in  their  peripheral  portions. 

The  secreting  nerves,  and  the  trophic  nerves  if  they  exist,  also 
influence  the  formation  of  heat,  and  might,  therefore,  be  described 
as  thermic,  just  as  muscular  nerves  are  described  as  motor.  The 
influence  of  nerves  upon  local  temperatures  appears,  however,  to 
be  connected  with  the  distribution  of  blood  (vaso-motor  nerves). 

B.  Centripetally  conducting  or  ^  Afferent\fibres  : — 1.  Sensory 
fibres,  the  central  end-organ  of  which  is  an  organ  of  the  mind, 
and  the  result  of  irritation  of  which  is  a  mental  operation,  viz. 
sensation  ;  their  peripheral  end-organs  are  organs  of  sense  (Chap. 
X.) ;  2.  Reflex,  or  excito-motor,  fibres,  in  the  central  end-organ 
of  which  the  irritation  which  has  traversed  the  fibre  to  that 
point  is  transferred  to  another  fibre,  and  finally  to  a  centrifugal 
system. 

The  central  organs  connected  with  the  sensory  fibres  have  to 
do  with  various  kinds  of  sensations,  some  with  sensation  of  sight, 
others  with  sensations  of  hearing,  &c.    The  same  sensory  fibre 
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always  calls  into  action  the  same  portion  of  the  mental  apparatus, 
and  always  therefore  produces  the  same  sort  of  sensation,  in  wliat- 
ever  way  it  is  stimulated.  Hence,  the  '  specific  energy '  of  the 
optic  fibres  is  the  transmission  of  visual  impressions,  that  of  the 
acoustic  fibres  the  transmission  of  auditory  impressions,  &c. 
Further,  it  is  necessary  to  ascribe  to  the  irritation  of  different 
fibres  the  different  qualities  of  any  given  sensation,  e.g.  the  sensa- 
tion of  red  and  of  blue  light,  or  of  high  and  of  low  notes,  and 
hence,  to  suppose  that  certain  fibres  have,  as  their  '  specific 
energy,'  to  aid  in  the  perception  of  the  red  rays,  while  that  of  others 
is  to  assist  in  the  perception  of  the  blue.  For,  if  it  were  not  so, 
we  should  be  compelled  to  assume  that  one  and  the  same  nerve- 
fibre  was  capable  of  states  of  irritation  which  were  qualitatively 
different — an  assumption  hitherto  entirely  unsupported  by  facts. 
There  must,  therefore,  be  at  least  as  many  sensory  fibres  as  simple 
qualities  of  sensation,  and  the  student  may  be  reminded  that  the 
innumerable  varieties  and  shades  of  sensation  which  are  actually 
experienced  arise  from  the  mingling  in  various  ways  of  a  relatively 
small  number  of  simpler  qualities  (Chap.  X.)  Although  this 
logical  consequence  of  the  principle  of  specific  energy  (Young, 
Helmholtz)  is  a  physiological  postulate,  it  is  as  yet  only  applicable 
to  a  few  of  the  organs  of  sense. 

This  principle  is  apparently  at  variance  with  our  experience  that  the  nerves 
of  taste  occasion  different  sensations,  according  as  thej  are  stimulated  by 
ascending  or  descending  currents.  The  experiments  in  question,  however, 
admit  of  another  explanation  (Ohap.  X.) 

The  peripheral  end-organ  of  every  sensory  nerve  (organ  of 
sense),  and  such  organ  alone — is  capable  of  excitation  not  only  by 
the  stimuli  common  to  all  nerves,  but  also  by  one  peculiar  to  itself, 
which  constitutes  its  usual  means  of  excitation.  Thus  the  end- 
organs  of  the  optic  fibres  in  the  retina  are  excited  by  waves  of 
light;  those  of  the  acoustic  fibres  by  waves  of  sound;  those  of  the 
olfactory  fibres  under  the  influence  of  odorous  bodies,  &c. 

As  the  mind  has  no  means  of  recognising  the  origin  of  any 
given  stimulation,  it  assumes  that  all  sensations  come  from  their 
usual  source.  For  example:  (l)  It  refers  the  origin  of  every 
sensation  which  reaches  it  through  a  sensory  fibre  to  the  end-organ 
of  that  fibre,  even  though  stimulation  has  not  been  applied  in  the 
usual  manner  but  to  the  trunk  of  the  nerve.  Thus,  persons  who 
have  had  a  limb  amputated  feel  sensations  caused  by  any  irritation 
of  the  stump  of  the  nerve  as  if  they  arose  in  the  amputated  limb 
(eccentric  reference  of  sensations).  (2)  In  the  case  of  special 
sensations  it  assumes  the  stimulus  to  have  been  tliat  which  usually 
causes  the  same  sensation  (light,  sound,  &c.),  notwithstanding  that 
any  of  the  common  nervous  stimuli  (mechanical,  electrical,  thermal 
or  chemical)  may  have  originated  it.  Thus  it  considers  every 
visual  sensation  as  occasioned  by  waves  of  light  whicli  have  im- 
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pinged  upon  the  retina,  even  though  mechanical  disturbance  of 
the  retina,  pressure  on  the  optic  nerve,  &c.  may  have  been  the 
cause.  The  conclusions  arrived  at  by  the  mind  concerning  the 
origin  of  stimulation  go  in  many  cases  still  further,  as,  for  ex- 
ample, -when  the  stimulus  proper  to  a  given  organ  of  sense  always 
takes  the  same  path  in  order  to  reach  it.  Thus,  it  supposes  every 
wave  of  light  impinging  upon  the  retina,  or  every  wave  of  sound 
acting  upon  the  acoustic  nerve,  to  have  previously  traversed  the 
transparent  media  of  the  eye,  or  the  conductors  of  soimd  of  the 
ear,  as  the  case  may  be.  Hence,  it  refers  the  causes  of  all  sensa- 
tions of  light  or  sound  to  without.  In  the  case  of  visual  sensations 
the  mind  even  forms  a  judgment  as  to  the  position  of  the  illu- 
minating body,  or  at  least  as  to  its  direction.  In  the  act  of  seeing, 
every  illuminated  point  of  the  retina  may  be  connected  with  the 
point  whence  the  rays  of  light  proceed  by  means  of  the  axial  ray 
of  the  particular  pencil  illuminating  that  point  (Chap.  X.),  and 
the  cause  of  the  visual  sensation  is  referred  to  the  external  medium 
in  the  direction  of  this  ray,  even  though  that  cause  be  subjective. 

C.  Intercentral  fibres  ;  that  is  to  say,  such  as  unite  two  central 
organs  (ganglion-cells).  Their  number  is  enormous,  and  their 
function,  which  is  as  yet  only  hypothetical,  will  be  discussed  in 
Chapter  XI.  The  following  are  included  under  this  head  :  the 
majority  of  the  fibres  of  the  brain  and  spinal  cord ;  the  chief  por- 
tion of  the  sympathetic  nerves ;  the  so-called  inhibitory  nerves ;  &c. 


B.  SPECIAL  PHYSIOLOaY  OF  NERVES. 

The  various  nervous  fibres,  motor,  sensory,  &c.,  are  so  arranged 
as  a  rule  that  all  those  destined  for  the  same  region  of  the  body, 
of  whatever  sort  they  are,  run  together  for  a  certain  distance  in 
one  '  mixed '  nerve-trunk,  which  gives  off  branches  composed  of 
one  kind  of  fibres  only  ('  sensory  nerves,'  '  motor  nerves ')  when 
the  locality  about  to  be  supplied  by  those  branches  is  almost 
reached.  In  the  case  of  cranial  nerves,  the  whole  course  of  which 
is  short,  this  union  is  rarely  if  ever  effected.  Cranial  nerves  are, 
therefore,  froTu  their  origin  for  the  most  part  either  purely  motor 
or  purely  sensory. 

The  object  of  the  special  physiology  of  nerves  is  to  determine 
for  each  nerve- fibre  its  specific  energy,  which  is  called  for  the 
sake  of  brevity  its  '  function.'  This  would  be  self-apparent  in  the 
case  of  any  fibre,  if  its  two-end  organs  were  anatomically  known 
and  their  functions  understood.  Here  the  two  sciences  of  anatomy 
and  physiology  mutually  supplement  one  another. 

In  order  to  determine  the  special  function  of  a  nerve  the  following  methods 
are  adopted : 

1.  A.  nerve  is  divided  at  any  point.    Stimulation  applied  to  the  nerve  on 
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tliat  side  of  tlie  point  of  section  remote  from  the  organ  in  which  the  results 
of  excitation  would  follow  normally  no  longer  produces  the  customary  results. 
Thus,  if  it  is  a  muscular  nerve  which  has  been  divided,  the  muscles  connected 
with  it  remain  inactive  although  the  will,  or  a  reflex  or  automatic  stimulus, 
or  any  other  excitant  applied  to  the  nerve  above  the  place  of  section,  are 
still  operative, — the  muscle  is  '  paralysed  ; '  while,  if  the  nerve  is  centripetal, 
stimulation  of  the  sense-organ,  or  excitation  of  the  peripheral  portion  of  the 
nerve,  no  longer  induces  sensations,  and  blindness,  deafness,  insensibility,  &c. 
follow. 

2.  The  two  ends  of  a  divided  nerve  are  stimulated  (usually  tetanically),  and 
observations  are  made  as  to  which  end  is  afl'ected,  and  what  the  nature  of  the 
result. 


Concerning  the  central  connections  and  origin  of  the  spinal  nerves,  see 
Chapter  XI. 

The  nerves  which  spring  from  the  spinal  cord  are  all,  through 
the  greater  part  of  their  course,  mixed ;  yet  they  are  not  mixed 
at  their  origin,  for  each  spinal  nerve  springs  from  two  roots  ;  an 
anterior  root  which  contains  the  efferent,  and  a  posterior  root 
which  contains  the  afferent,  fibres  (Charles  Bell  (1)  );  the  former 
is  called  the  motor,  the  latter  the  sensory,  root ;  the  sensory  root 
possesses  a  ganglion. 

If  all  the  anterior  roots  of  one  side  of  the  body  be  divided,  the  muscles  of 
the  corresponding  half  of  the  body  are  completely  paralyzed  ;  if  the  posterior 
roots  be  divided  instead,  then  the  corresponding  half  of  the  body  becomes  in- 
sensitive. If,  in  a  frog,  the  posterior  roots  be  divided  on  one  side  of  the  cord 
{e.g.  on  the  right)  and  the  anterior  roots  on  the  opposite  (left)  side,  on  inflict- 
ing some  injury  to  the  right  leg  the  creature  remains  motionless,  as  it  does  not 
feel  pain ;  if  the  left  leg  be,  however,  injured,  defensive  movements  are  made 
with  the  right  le?,  whilst  the  left  leg  remains  motionless,  for  the  creatm-e  is 
conscious  of  pain  in  the  left  leg,  but  can  only  move  the  right  leg.  "When  it 
jumps  it  drags  even  its  right  leg  behind  it,  because  it  does  not  feel  that  leg. 

The  fact  that  even  the  anterior  roots  are  sensitive  (Longet)  is 
no  contradiction  of  Bell's  law :  for  when  these  are  cut  across  it  is 
only  the  peripheral,  and  not  the  central,  end  which  is  sensitive 
(Magendie) ;  the  mixed  sensory  fibres  come,  therefore,  from  the 
periphere,  and  all  sensibility  ceases  on  division  of  the  posterior 
roots  ('  sensibilite  recurrente ').  Even  after  division  of  the  anterior 
roots  their  central  cord  contains  a  number  of  degenerated,  and 
their  peripheral  ends  a  number  of  undegenerated,  fibres  (Schiff, 
Vulpian).  The  bending  in  of  sensory  fibres  into  motor  tracts 
occurs  near  the  peripheral  ends  of  the  nerves ;  sensory  fibres  some- 
times bend  into  other  sensory  paths,  so  that  the  peripheral  end  of 
a  divided  sensory  nerve  is  generally  sensitive  (Arloiiig  and  Tripier). 
The  nervous  distribution  to  the  head  affords  instances  of  '  sensibi- 
lite recurrente  '  which  depends  upon  sensory  fibres  of  the  fifth. 
[In  the  annexed  diagram  the  mechanism  of  recurrent  sensibility  is  illustrated.] 
The  two  roots  of  a  spinal  nerve  are  shown  schematically,  theii-  libres  being 
for  simplicity  kept  from  uniting  into  one  trunk,  p  R  is  the  posterior  root,_  and 
A  is  the  anterior  root.    The  posterior  root  is  seen  to  terminate  in  s,  which  indi- 
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cates  tlie  skin  or  other  sensory  structure.  The  fibres  from  the  anterior  root,  on 
the  other  hand,  terminate  in  M,  which  represents  muscular  fibres.  _  R  represents 
a  loop  of  sensory  fibres  passing  from  the  posterior  root  and  bending  in  to  join 
A  the  anterior  root,  and  furnishing  it  with  '  sensibility  r(5cui-rente.' 

Were  a  section  to  be  made  through  the  fibres  of  A  at  s,  and  the  distal  end  sti- 
mulated, pain  would  be  felt  by  the  animal  in  consequence  of  the  sensory  fibres 
which  had  joined  the  motor  fibres  through  the  loop  R  being  stimulated  ;  all  effect 
of  the  stimulation  would,  however,  cease  on  the  division  of  the  posterior  root 
p  B. 


Fig.  31. 


When  the  posterior  roots  of  the  spinal  nerves  are  cut  across,  the  excitability 
of  the  anterior  roots  suddenly  undergoes  diminution  (Ludwig  and  Oyon,  contra- 
dicted by  Griinhagen  and  G.  Heidenhain).  The  former  must,  there^'ore,  by  a 
reflex  process  continually  increase  the  excitability  of  the  latter,  or  (which  is 
more  intelligible)  continually  excite  the  latter,  so  that,  on  stimulating  the 
anterior  roots,  the  stimulation  adds  itself  to  the  already  present  stimulation. 

The  centrifugal  or  efferent  fibres  of  the  spinal  contained  in 
the  anterior  roots  are :  1 ,  motor  for  all  the  striated  muscles  of  the 
trunk  and  the  extremities  and  (probably  through  the  medium  of 
the  sympathetic)  for  certain  smooth  muscles  of  the  viscera,  e.g. 
the  detrusor  urince ;  2,  vaso-constrictor  and  vaso-dilator  fibres 
for  the  arteries  of  the  body  :  these,  however,  pass  in  part  into  the 
sympathetic  and  afterwards  pass  into  other  spinal  nerves  ;  3,  pos- 
sibly also  secretory  and  trofhic  fibres.  The  centripetal  or  afferent 
fibres  are  the  sensory  fibres  for  the  whole  of  the  surface  of  the 
body ;  with  the  exception  of  the  face  and  anterior  part  of  the  head. 

The  distribution  of  the  various  motor  and  sensory  nerves  which 
spring  from  the  thirty-one  pairs  of  spinal  roots,  belongs  to  the 
province  of  descriptive  anatomy. 

[When  the  anterior  root  or  a  spinal  nerve  is  cut  across,  the  nerve-fibres  con- 
tained in  the  distal  end  undergo  a  fatty  degeneration,  whilst  those  which  retain 
their  connection  with  the  grey  matter  of  the  cord  remain  unaltei'ed.  When 
the  posterior  root  of  a  spinal  nerve  is  divided  on  the  distal  side  of  the  ganglion, 
the  fibres  which  have  been  separated  from  the  ganglion  degenerate,  whilst  those 
which  are  connected  with  it  do  not.  When  the  posterior  root  of  a  spinal  nerve 
is  divided  on  the  proximal  side  of  the  ganglion,  the  fibres  attached  to  the  spinal 
cord  degenerate,  whilst  those  which  retain  their  connection  with  the  ganglion 
do  not. 

These  facts  would  appear  to  indicate  that  the  nutrition  .of  fibres  of  the 
anterior  root  is  influenced  by  their  central  connections  in  the  spinal  cord,  whilst 
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the  nutrition  of  fibres  of  the  posterior  roots  is  under  the  control  of  the  ganpflion 
or  the  posterior  roots.  Both  sets  of  fibres  de;j^enerate,  however,  when  cut  off  from 
the  nerve-centres  which  respectively  influence  their  nutrition.  A  knowledge  of 
this  degeneration  of  nerve-fibres  cut  off  from  their  centres  has  supplied  a  method 
whereby  to  trace  the  distribution  of  nerve-fibres,  called,  after  its  discoverer,  the 
'  Wallerian  Method.'] 


II.  Cranial  Nerves. 

For  the  origins  of  the  Cranial  Nerves  refer  to  Chapter  XI. 

First  Fair  {Olfactory  Nerve). 

Tlie  fibres  of  this  nerve  have  the  function  of  conducting  every 
irritation,  at  whatever  point  of  their  course  it  originates,  to  that 
part  of  the  brain  concerned  in  the  perception  of  smell,  thereby 
giving  rise  to  the  sensation  of  smell.  In  the  physiological  condi- 
tion the  excitation  always  affects  the  peripheral  end-organs  of 
the  nerve  situated  in  the  olfactory  membrane,  and  is  occasioned  by 
certain  specific  stimuli, '  odorous  bodies.'  Section  of  the  olfactory 
bulbs,  which  is  practicable  in  the  case  of  young  animals,  destroys 
the  sense  of  smell  (Bififi).  [Such  section  does  not,  however, 
destroy  the  common  sensibility  of  the  nasal  cavities,  which  depends 
upon  the  branches  of  the  fifth  nerve  distributed  to  the  nasal 
cavities ;  powerful  irritants  such  as  ammonia  are  therefore  able 
to  excite  sensations  even  after  section  of  the  olfactory  bulbs.  The 
functions  of  the  olfactoiy  nerve  will  be  found  fully  discussed  imder 
the  head  of  Olfactory  Organ.] 

The  production  of  sensations  of  smell  on  stimulation  of  the  olfactory  nerves, 
by  means  of  ordinary  nerve-stimuli,  has  not  yet  been  directly  demonstrated. 

Second  Fair  {Optic  Nerve). 

All  stimulations  of  this  nerve  cause  stimulation  of  that  portion 
of  the  brain  concerned  in  the  perception  of  light,  and,  in  conse- 
quence, produce  sensations  of  light.  Normally  stimulation 
originates  in  the  peripheral  terminations  of  its  fibres  in  the  retina. 
It  possesses,  in  addition,  the  power  of  inducing  by  reflex  action  the 
contraction  of  the  sphincter  of  the  iris,  through  fibres  of  the 
third  nerve  proceeding  to  that  muscle.  The  Optic  Chiasma  is 
discussed  in  Chapter  X. 

Third  Fair  of  Fo^es  {Motorius  oculi). 

This  nerve  is  the  motor  nerve  for  most  of  the  muscles  of  the 
orbit,  viz.  for  the  rectus  sup.,  rectus  inf.,  rectus  int.,  obliquus 
inf.,  and  levator  palpebrse  superioris ;  for  the  circular  muscle 
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of  the  iris  and  for  the  ciliary  muscle.  Its  excitation  in  part  is  due 
to  the  voluntary  action  of  the  brain,  but  those  of  its  fibres  which 
are  supplied  to  the  iris  may  be  excited  in  a  reflex  manner  through 
the  optic  nerve  (Chapter  X.)  It  has  been  surmised  that  the 
third  nerve  contains  some  sensory  fibres  ;  a  surmise  based  upon 
the  observation  of  a  '  sensibilite  recurrente  '  depending  upon  the 
fifth  nerve. 

In  fig.  32,  p.  358,  tlie  third  nerve  is  sliown  diagrammatically,  together  with 
other  nerves  of  the  orbit.  It  is  seen  dividing  into  an  upper  division  (4)  which 
is  distributed  to  the  rectus  superior  and  the  levator  palpebrse  superioris,  and  a 
lower  division  (5)  which  supplies  the  rectus  inferior,  rectus  internus,  and  the 
inferior  oblique ;  the  nerve  to  the  latter  furnishes  one  of  the  roots  (the  shoi't 
root)  of  the  ophthalmic  ganglion.  It  is  through  this  root  that  the  efferent 
fibres  enter  which  subsequently  are  distributed  in  the  sho7't  dliai-y  nerves  to  the 
sphincter  iridis  and  the  cUiary  muscle. 

Section  and  paralysis  of  the  third  nerve  causes:  1.  Drooping  of  the  upper 
eyelid,  *  ptosis '  [by  paralyzing  the  levator  palpebrse  superioris ;  under  these 
circumstances  a  still  firmer  closure  of  the  eye  can  be  brought  about  by  the  con- 
traction of  the  orbicularis  palpebrarum].  2.  Rotation  outwards  of  the  eyeball, 
since  the  muscles  supplied  by  it  can  no  longer  balance  those  supplied  by  the 
fourth  (trochlear)  and  sixth  (abducens)  nerves.  [In  consequence  of  this 
paralysis  the  rotatory  movements  of  the  eyeball  about  its  axis  are  impaii'ed. 
When  the  head  is  moved  from  one  side  to  another  the  eye  is  unable,  as  in  the 
physiological  condition,  to  move  in  the  opposite  direction,  and  therefore  follows 
the  movements  of  the  head.  Amongst  other  results  of  the  muscular  paralysis 
dependent  upon  lesion  of  the  third  nerve  are,  a,  a  form  of  diplopia  or  double  vision, 
and,  h,  some  degree  of  protrusion  of  the  eyeball.]  3.  Dilatation  and  insensibility 
to  light  of  the  pupil.  4.  A  persistent  state  of  accommodation  for  long  dis- 
tances [i.e.  an  inability  to  accommodate  for  near  objects]. 

Fourth  Pair  {N.  trochlearis,  N.  patheticue). 

This  is  the  motor  nerve  for  the  superior  oblique.  The  existence 
of  sensory  fibres  in  this  nerve  has  been  maintained  by  some. 

[When  the  fom-th  nerve  on  one  side  is  paralysed  the  eye  is  moved  slightly 
upwards  and  outwards ;  the  rotation  of  the  eyeball  is  impaired  ;  when  the 
patient  looks  down  (but  only  then),  there  is  diplopia :  the  double  images  seen 
under  these  circumstances  are  not  crossed,  and  the  image  seen  by  the  sound  eye 
appears  to  be  more  distant  and  higher  than  that  seen  by  the  injured  eye.*] 


Fifth  Pair  {If.  trigeminus). 

This  is  a  mixed  nerve  arising  after  the  fashion  of  a  spinal 
nerve  by  two  roots,  a  sensory  (large),  and  a  motor  (small).  The 
sensory  root,  like  the  sensory  root  of  a  spinal  nerve,  possesses  a 
ganglion — the  Grasserian  or  semilunar  ganglion. 

[From  the  latter  three  branches  or  divisions  are  given  off,  named 
respectively  the  first  or  ophthalmic  division  of  the  fifth,  the 
second  division  of  the  fifth  or  superior  maxillary  nerve,  and  the 

1  Longet,  Traite  de  Physinlogie.   Tome  iii.  p.  (i60. 
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third  division  of  the  fifth  or  inferior  maxillary  nerve,  which  is 
joined  by  the  small  or  motor  root  of  the  nerve. 

.  The  relations  of  tlie  two  roots  of  the  fifth  are  seen  in  the  dia^am  of  the 

n?;t      I'Ti       ^\         ""^'^^  1°       32,  a  diagrammatic  view 

of  the  ophthalmic  or  first  division  of  the  fifth  nerve  is  given.  The  QaLrian 
gang  ion  IS  seen  giving  oft"  its  three  divisions  a,  b,  and  c,  of  which  atZ 
ophthalmic  division.  This  division  splits  up  into  three  branches :  its  fronta' 
branch  (1),  the  largest,  which  divides  into  two  branches,  supra-trochlear  and 

Fig,  32. 
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DIAGRAM  OK  THE  FIRST  OR  OPHTHALMIC  DIVISION  OF  THE  FIFTH,  SHOWING  ALSO 
THE  THIRD,  FOURTH,  AND  SIXTH  CRANIAL  NERVES. 

V  Sensory  root  of  fifth  nerve. 

G  G  Gasserian  ganglion  on  larger  root  of  the  fifth  nerve. 

a  ophthainiic  division  of  the  fifth  nerve. 

1.  frontal  nerve.  2.  lachrymal  nerve.   3.  nasal  nerve. 
L  G  lachrymal  gland. 

3'  inlra-trochlear  branch  of  nasal  nerve. 

S"  long  ciliary  branches  of  nasal  nerve. 

3"'  branch  of  nasal  nerve  to  ophthalmic  ganglion, 
o  G  ophthalmic  ganglion. 

b  second  division  of  fifth  cut  across,    c  third  division  of  fifth  cut  across. 

III.  third  nerve  (motorius  oculi). 

4.  upper  divisiim  of  third  nerve. 

6.  lower  division  of  third  nerve,  near  point  where  it  gives  the  short  root  to 

the  ophthalmic  ganglion. 

IV.  fourth  nerve  (n.  trochleans). 

7.  its  fibres  passing  to  the  superior  oblique. 
VI.  sixth  nerve  (n.  abducens). 

6.  its  fibres  passing  to  external  rectus. 
C  A  carotid  arterj'. 

E  vertical  section  through  anterior  part  of  eyeball ;  conjunctiva  indicated  by  dotted  line. 


supra- orbital,  the  first  of  which  supplies  the  conjunctiva  of  the  upper  eyelid, 
the  skin  of  the  eyebrow  and  of  the  inner  part  of  the  upper  ej'elid  ;  the  second 
(supra-orbital)  supplies  palpebral  filaments  to  the  upper  lid,  and  is  distributed 
to  the  skin  of  the  forehead  and  scalp  as  far  as  the  vertex,  and  to  the  peri- 
cranium covering  the  frontal  and  parietal  bones. 

The  lachrymal  branch  (2)  is  seen  giving  off  branches  to  the  lachrymal  gland 
(l  g),  and  is  continued  onwards  to  supply  the  outer  part  of  the  skin  and  con- 
junctiva of  the  upper  eyelid. 

The  nasal,  or  oculo-nasal,  nerve  (3)  gives  long  ciliary  nerves  (3")  to  the 
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ciliary  muscle,  iris,  cornea,  and  conjunctiva ;  an  infra-trocKlear  brancli  to  the 
conjunctiva  and  integuments  of  the  eyelids  ;  a  root  (3"0  (radix  longa  ganglii 
ciliaris)  to  the  ophthalmic  ganglion ;  besides  terminal  branches  which  supply 
the  skin  of  the  side  of  the  nose  and  the  pituitary  mucous  membrane. 

In  connection  with  the  first  division  of  the  fifth  nerve  is  seen  the  ophthal- 
mic or  ciliary  ganglion.    This  ganglion  is  seen  to  receive  three  roots ;  its  short 

Fig.  33. 


1 


DIAGRAM  OF  THE  SECOND  (SUPERIOR  MAXILT^RT)  DIVISION  OF  THE  FIFTH  NERVE, 
ITS  CONNECTIONS  AND  CHIEF  BRANCHES. 

V  placed  over  Gasserian  ganglion. 

a,  first  or  ophthalmic  division,  with  d  its  frontal,  e  its  lachrymal,  and  f  its  nasal 
branche?. 

h,  second  or  superior  maxillary  division,  branches  of  which  are  mai-ked  as  follows : — 

1.  its  <er;/UKaZ  branches,  nasal,  labial,  and  palpebral . 

2.  recurrent  branch  to  the  dura  mater,  and  middle  meningeal  artery. 

3.  orbital  branch. 

4  is  jtlacerl  between  the  two  spheno-palatine  branches,  which  descend  to  Meckel's 
ganglion). 

5.  dental  branches. 
M  G  Meckel's  ganglion. 

6.  the  Vidian  nerve  (constituting  the  motor  and  sympathetic  root  of  Meckel's 

ganglion). 

7.  the  great  superficial  petrosal  nerve,  from  the  geniculate  ganglion  of  the  facial 

nerve,  joining  the  Vidian. 

8.  the  sympathetic  branch  from  the  plexus  on  the  carotid  artery,  joining  thQgreat 

superjicial  petrosal,  anfl  forming  with  it  the  Vidian  nei've. 

9.  ascending  branches  of  Meckel's  ganglion. 

10.  descending  palatine  branches. 

11.  naso-palatine  branch. 

12.  upper  nasal  brandies. 

13.  pharyngeal  branch. 

F  facial  nerve,   c  a  carotid  artery,    i  F  infra-orbital  foramen. 
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motor  root  (5)  is  derived  from  the  third  nerve  ;  its  long  sensory  root  (8'")  is 
derived  from  the  nasal  nerve,  whilst  the  third  root  (shown  by  a  dotted  line  in 
the  figure)  is  derived  from  the  cavernous  plexus  of  the  sympathetic.  From  the 
anterior  part  of  the  ganglion  are  seen  proceeding  the  short  ciliary  nerves. 
The  function  of  the  lirst  division  of  the  fifth  is  entirely  sensory. 
The  second  or  superior  maxillary  division  of  the  fifth  nerve,  with  its  chief 
branches  and  connections  to  other  cranial  nei-ves,  is  shown  in  fig.  33,  where 
it  is  marked  b.  It  is  seen  to  give  off  the  following  branches :  terminal  infra- 
orbital branches  (1),  nasal,  labial,  and  palpebral;  of  which  the  first  supply  the 
skin  and  mucous  membrane  of  the  nose  ;  the  second  the  skin  and  mucous  mem- 
brane of  the  upper  lip,  and  the  third  the  sldn  and  conjunctiva  of  the  lower 
eyelid ;  a  recurrent  branch  (2)  to  the  dura  mater  and  middle  meningeal  artery ; 
an  orbital  branch  (3)  which  divides  into  a  temporal  branch  to  a  oart  of  the 
skin  of  the  temple,  and  a  malar  branch  to  the  skin  over  the  malar  bone ;  dental 
branches,  three  in  number,  ma)-ked  (5)  which  supply  the  teeth  of  the  upper 
jaw ;  and  spheno-palatine  branches  (4)  which  go  to  Meckel's  ganglion  (m  g). 

The  ganglion  connected  with  the  second  division  of  the  fifth  is  termed 
Meckel's  or  the  spheno-palatine  ganglion.  This  ganglion  receives  the  two  roots 
(4)  just  mentioned  from  the  superior  maxillary  nerve,  and  which  doubtless  con- 
tain only  afferent  fibres ;  it  is  also  joined  by  a  nerve,  termed  the  Vidian  (G), 
which  when  traced  back  is  seen  to  be  made  up  by  the  junction  of  the  large 
superficial  petrosal  nerve  (7),  a  branch  of  the  facial  nerve  (f),  and  (8)  the 
carotid  or  sympathetic  portion  of  the  Vidian  nerve,  from  the  carotid  plexiLS  of 
the  sympathetic.  The  Vidian  nerve  g  ves  oft"  small  nasal  branches  distributed 
to  a  limited  region  of  the  posterior  nerves,  and  to  membrane  covering  the  end 
of  the  Eustachian  tube.  The  branches  of  distribution  of  Meckel's  ganglion  are 
seen  to  be  :  ascending  branches  (9)  to  the  periosteum  of  the  orbit ;  descending 
palatine  branches  (10)  to  the  mucous  membrane  of  the  tonsils,  gums,  hard  and 
soft  palate,  mucous  membrane  of  nose,  and  supplying  besides  the  levator  2iclati 
and  azygos  uvuIcb  muscles ;  a  naso-palatine  branch,  or  nerve  of  Ootunnius  (11), 
upper  nasal  branches  (12),  a  pharyngeal  branch,  the  pharyngeal  nerve,  which  is 
distributed  to  the  lining  membrane  of  the  pharynx,  close  to  the  Eustachian 
tub). 

The  third  division  of  the  fifth,  or  inferior  maxiUary  nerve  is  shown  in  fig.  34, 
p.  361,  and  in  fig.  35,  p.  364. 

In  the  annexed  figure  (fig.  )  by  e  is  represented  the  third  division  joined 
by  a  the  smaller,  motor,  root  of  the  fifth.  By  f  0  is  indicated  t\xQ  foramen  ovale, 
after  passing  through  which  the  nerve  divides  into  two  divisions, — a  smaller 
anterior  division,  marked  a,  which  is  mainly  motor,  supplying  branches  to  the 
muscles  of  mastication  (masseter,  temporal,  external,  and  internal  pterygoid 
muscles),  and  a  terminal  sensory  long  buccal  branch  to  the  mucous  membrane 
and  skin  of  the  cheek — a  larger  portion  or  division,  marked  B,  which  is  mainly 
sensory,  and  which  gives  oft'  the  following  branches  :  auriculo-temporal  (4),  to 
parotid  gland,  to  skin  of  auricle,  external  meatus  and  temple,  and  the  temporo- 
maxiUary  joint;  gustatory  or  lingual  nerve  (1)  which  ends  in  the  mucous  mem- 
brane of  the  anterior  two-thirds  of  the  tongue,  and  which  is  joined  by  the  chorda 
tympani  (c  t),  a  branch  of  the  facial  nerve  which  runs  by  its  side  and  which 
gives  to  it  some  of  its  fibres,  though  the  greater  number  pass  to  the  submaxillary 
ganglion  (s  g)  which  is  seen  in  close  proximit}'  to  the  gustatory,  and  which  vdll 
be  referred  to  more  particularly  below;  inferior  dental  nerve  (2)  giving  oft"  twigs 
to  the  molar  and  bicuspid  teeth  (2'),  an  incisor  branch  to  the  canine  and  incisor 
teeth  (2"),  a  labial  or  mental  branch  (2  ";  emerging  from  the  mental  foramen 
(sf  f)  to  supply  the  skin  and  mucous  membrane  of  the  lower  lip ;  be.«i(ies  these 
the  inferior  dental  (n)  gives  oft"  the  inylohyoid  branch  (3)  which  is  distributed 
to  the  mylohyoid  muscle  and  to  the  anterior  belly  of  the  digastric. 

Two  ganglia  are  connected  with  the  third  division  of  the  fifth  nerve,  viz.  the 
Otic  ganglion,  and  the  submaxillary  ganglion. 

The  Otic  ganglion,  or  ganglion  of  Arnold  (see  fig.  34  and  fig.  35)  receives  a 
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root  from  the  muscular  nerve  to  tlie  internal  pterygoid,  a  root  from  the  sensory 
auriculo-temporal  nerve,  a  sympathetic  root  from  the  plexus  on  the  middle 
meningeal  artery,  and  a  root  from  the  faded  and  glosso-pharyngeal  nerves,  viz. 
the  small  mperjieial  petrosal  nerve  (see  tig.  34).  The  Otic  ganglion  gives  off 
two  branches,  the  first  to  the  tensor  tympani,  the  second  to  the  tensor  palatt. 
The  physiological  importance  of  this  little  centre  is,  however,  in  all  probability 


Fig.  34. 


DIAGRAM  OF  THE  THIRD  (INFERIOR  MAXILLARY)  DIVISION  OF  THE  FIFTH  NKRVE, 
ITS  CONNECTIONS  AND  CHIEF  BRANCHES. 

V  fifth  nerve,    h  its  largest  sensory  root,  with  the  Gasserian  ganglion. 

a  its  smaller  motor  root  joining  e,  the  third  division  of  the  Gasserian  ganglion,  to 

form  the  inferior  maxillary  nerve. 
A  anterior  division  of  inferior  maxillary'  nerve  (mainly  motor)  supplying  branches 

to  the  muscle"*  of  mastication,  and  a  terminal  buccal  branch  to  the  mucous 

membrane  of  the  mouth. 
B  posterior  division  (mainly  sensory)  ;  its  branches  are  marked, 

1.  lingual  nerve.    1'  branches  to  the  tongue. 

2.  inferior  dental  nerve.    2'  its  twigs  to  the  teeth.     2"  incisor  branch.  2"' 

mental  branch. 

3.  mj'lo-hyoid  branch  to  digastric  and  mylo-hyoid. 

4.  aun'culo-temporal  nerve. 

V  facial  nerve,    c  t  its  chorda  tympani  branch,  joining  the  lingual,  and  running  to  the 

pubmaxill.iry  ganglion  s  G,  of  which  it  forms  the  motor  root, 
o  G  otic  ganglion. 

s  s  p  small  superficial  petrosal  nerve,  connecting  otic  ganglion  and  facial  nerve. 
M  middle  meningeal  artery,  from  the  plexus  upou  which  sympathetic  filaments  pass  to 
the  otic  ganglion. 

c  s  p  external  superficial  petrosal  nerve,  connecting  the  plexus  on  the  middle  meningeal 
artery  with  the  facial  nerve. 
g  s  p  great  supi-.rficiul  petrosal  nerve,  connecting  the  facial  with  Meeker  a  ganglion. 

V  A  facial  artery,  from  the  plexus  upou  which  sympathetic  filameuts  pass  to 

the  submaxillary  ganglion. 

V  o  fonimeu  ovale,   m  f  mental  foramen, 
s  G  submaxillary  ganglion. 
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mucli  greater  than  one  would  conclude  from  the  fact  of  its  merely  giving  off 
these  two  small  muscular  branches,  as  it  is  probably  through  it  that  the  fibres 
of  the  facial,  contained  in  the  small  superficial  petrosal  nerve,  make  their  way 
to  the  auriculo-temporal  nerve,  and  thence  to  the  parotid  gland,  for  which  they 
are  most  probably  secretory.  Further,  it  is  probable  that  through  the  otic 
ganglion  fibres  of  the  glosso-pharyngeal,  derived  from  its  tympanic  branch 
make  their  way  to  the  facial  nerve.  ' 

The  submaxillary  ganglion,  s  g,  receives  a  sensory  root  from  the  lingual,  a 
motor  root  from  the  chorda  tympani,  and  a  sympathetic  root  from  the  plexus 
surrounding  the  facial  artery ;  it  supplies  fibres  to  the  submaxillary  and  sub- 
lingual glands,  which,  in  the  case  of  the  former,  have  been  proved  to  contain 
vaso-constrictor,  vaso-dUator,  and  secretory  fibres. 

Summary  of  the  Functions  of  the.  Fifth  Cerebral  Nerve.— 
Its  sensory  fibres  confer  sensibility  on  nearly  the  whole  of  the 
head,  and  they  serve  the  purposes  of  a  large  number  of  reflex  acts. 
The  regions  of  the  head  not  supplied  by  the  fifth  are :  portions  of 
the  pharynx,  palate,  and  root  of  the  tongue,  which  receive  branches 
from  the  vagus  and  glosso-pharyngeal;  the  Eustachian  tubes,  tym- 
panic cavity,  and  a  part  of  the  external  auditory  meatus  and  ex- 
ternal ear  which  receives  branches  from  the  auricular  branch  of  the 
vagus ;  and  finally  a  portion  of  the  back  of  the  head  [and  the 
region  of  the  parotid],  which  are  supplied  by  the  cervical  spinal 
nerves.  Some  of  the  fibres  of  the  fifth  appear  to  belong  to  the 
nerves  of  taste  [the  lingual  branch  being,  according  to  many,  the 
nerve  of  the  special  sense  of  taste  for  the  anterior  two-thirds  of 
the  tongue,  though  it  is  not  certain  whether  the  fibres  presiding 
over  this  function  really  originate  in  the  fifth]  (Chap.  X.)  Its 
motor  fibres  supply  the  muscles  of  mastication  (temporal,  masseter, 
mylo-hyoid,  both  pterygoids,  and  the  anterior  belly  of  the  di- 
gastric), the  tensor  tympani,  tensor  palati,  and  probably  also  (Oehl) 
the  dilatator  iridis  (Chap.  X.)  In  addition,  there  run  in  the  tri- 
geminus vaso-motor  fibres  (probably  of  sympathetic  origin)  for  the 
conjunctiva  and  iris.  Finally,  it  contains  secretoi^  fibres  for  the 
lachrymal,  parotid,  and  submaxillary  glands. 

Some  ascribe  to  the  fifth  fibres  of  a  trophic  character,  destined  especially  for 
the  eyeball,  since  section  of  the  fifth  in  the  skull  causes  inflammation  and  degene- 
ration of  that  organ.  It  has  been  asserted,  however,  that  this  result  is  to  be. 
attributed  merely  to  loss  of  sensation  which  interferes  with  the  protection  of  the 
eyeball  from  external  influences ;  for  inflammation  has  been  stiid  not  to  follow 
after  section  of  the  fifth  if  a  sensitive  protective  surface  be  artificially  placed 
before  the  eyeball,  e.g.  in  rabbits  by  stitching  in  front  of  it  the  ear  which  is  sup- 
plied by  the  cervical  nerves  (Snellen).  This  explanation  has  recently  been  doubted. 
In  the  first  place,  after  paralysis  of  the  facial  no  inflammatory  changes  follow, 
notwithstanding  that  the  animal  thus  paralyzed  is  no  longer  able  to  protect  its 
eye  by  closing  the  lid  (Samuel).  In  the  second  place,  after  partial  section  of 
tile  trigeminal  trunk — in  which  the  innermost  tibi'es  have  been  left  intact — no 
inflammation  is  noticed,  notwithstanding  the  complete  sensory  paralysis  which 
occm's,  and  that  the  eye  remains  unprotected  by  artificial  means ;  while,  on  the 
other  hand,  the  eye  becomes  inflamed  very  easily  (if  not  artificially  protected) 
if  in  partial  section  the  innermost  fibres  have  been  destroyed,  notwithstanding 
that  sensation  still  remains  (Meissner,  Schifl").  If,  therefore,  the  preceding 
isolated  statements  should  be  confirmed,  and  if  the  influence  of  vaso-motor  fibres 
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can  be  excluded,  it  will  Le  necessary  to  resume  the  supposition  of  special  '  trophic ' 
fibres  which  course  along  the  inner  border  of  the  trunk.  The  operation  of  these 
fibres  is,  as  yet,  quite  unintelligible.  The  fifth  is,  moreover,  said  to  contain 
ti-ophic  fibres  for  the  cavity  of  the  mouth,  since  section  of  that  nei-ve  occasions 
ulceration.  The  latter,  however,  depends  upon  the  distortion  of  the  lower  jaw 
due  to  unilateral  paralysis  of  masticatory  muscles,  whereby  the  teeth  no  longer 
meet,  but  press  upon  the  mucous  membrane  opposite  (Rollett). 

Sixth  Pair  {N.  ahducens). 

This  is  the  motor  nerve  for  the  external  rectus  muscle  of  the 
eyeball  (abducens). 

Then  abducens  receives  fibres  from  the  cervical  portion  of  the 
sympathetic ;  so  that  the  external  rectus  receives  fibres  from  the 
cilio-spinal  region  of  the  spinal  cord  in  addition  to  those  contained 
in  the  Sixth  Pair  (Chap.  XI.) 

[When  the  sixth  nerve  is  paralyzed,  there  occurs  well-marked  internal 
strabismus.] 

Seventh  Pair  (Facial  JSf.  Portio  dura  of  the  Seventh  Cranial 

Nerve  of  Willis). 

[The  relations  of  the  facial  nerve  to  other  cranial  nerves,  and  the  chief 
branches  which  it  gives,  are  shown  in  fig.  35.  The  facial  nerve  p  is  seen  con- 
tiguous to  the  auditory  nerve  A.  At  1  is  seen  its  geniculate  ganglion  where  it 
is  joined  by  the  (/real  superficial  petrosal  (f/sp),  the  small  superficial  pietrosal 
{ssp),  and  the  external  superficial  petrosal  {esp)  nerves.  The  first  establishes 
a  communication  between  Meckel's  ganglion  and  the  facial :  the  second  between 
the  Otic  ganglion  and  the  iacial,  and  probably  between  the  glosso-pharyngeal 
and  the  facial ;  the  third  establishes  a  communication  between  the  sympathetic 
plexus  suiToundiug  the  middle  meningeal  artery  and  the  facial.  (For  the  rela- 
tions of  the  tymjianic  branch  of  the  glosso-pharyngeal  to  the  seventh  nerve,  see 
fig.  36.)  Of  these  branches,  the  first,  the  great  superficial  petrosal — which  joins 
the  Vidian — in  all  probability  serves  the  purpose  of  carrying  efferent  fibres  from 
the  seventh  to  Meckel's  ganglion ;  the  small  superficial  petrosal  is,  however,  in 
aU  probability  the  medium  for  the  introduction  of  fibres  from  the  glosso-pharyn- 
geal, and  possibly  also  from  the  fifth  into  the  facial ;  whilst  the  external  super- 
ficial petrosal  most  probably  adds  sympathetic  {vaso-constrictor  and  vaso-dilator?) 
fibres  to  those  already  present  in  the  facial  nerve. 

The  facial  nerve  is  seen  to  give  off  the  following  branches :  a  branch  to  the 
stapedius  muscle  (3)  ;  the  chorda  tympani  (2)  which  joins  the  lingual  branch  of 
the  inferior  maxillary,  accompanying  it  as  far  as  the  submaxillary  ganghon  (s  e), 
furnifshing  in  its  course  fibres  to  the  Uns-ual  nerve  (Prevost),  but  chiefly  being  dis- 
tributed to  the  submaxillai'y  gancjlion ;  communicating  filaments  to  pneumo- 
gastric  (4)  ;  posterior  auricular  branch  (5)  to  the  occipital  belly  of  the  occipito- 
fi'ontalis  and  to  the  retrahens  aurem  ;  and  the  digastric  branch  (6),  supplying  the 
posteiior  belly  of  the  digastric  and  the  stylo-hyoid  muscle,  and  which  often 
communicates  with  the  glosso-pharyngeal.  Having  given  off  these  branches,  the 
nerve  divides  into  its  temporo-facial  (I'li")  and  cei-vico-facial  divisions  (c  J?),  which 
are  mainly  distributed  to  the  muscles  of  expression,  giving  also  branches  to  the 
buccinator  muscle,  the  platysma  myoides,  and  the  muscles  of  the  scalp  and 
external  ear. 


364 


FACIAL  NERVE. 


Fig.  35. 


DIAGRAM  OF  THE  FACIAL  NERVE,  ITS  CONNECTIONS  AND  BRANCHES. 


F  the  facial  nerve.  A  auditory  nerve. 

1.  the  geniculate  ganglion. 

gsp  great  superficial  petrosal  nerve  connecting  the/ociW  and  Meckel'rf 
ganglion. 

ssp  small  superficial  petrosal  connecting  the  facial  nerve  with  the  Otic 
ganglion  and  with  the  tympanic  branch  of  the  glosso-pharynt;eal. 

esp  external  superficial  petrosal  connecting  the  facial  with  the  plexus 
on  the  middle  meningeal  artery. 

2.  chorda  t_vnipani,  joining  lingual  nerve. 
8.  nerve  to  the  stapedius  muscle. 

4.  communicating  branch  with  the  ganglion  of  the  root  of  the  vagus. 

5.  posterior  auricular  nerve. 

6.  branch  to  the  stylo-hj-oid  and  digastric  muscles. 
T  F  temporo-facial  division  J  ,  ^  c 

c  V  cervico-facial  division  j     """^^^^^  expression, 
v  fifth  nerve,    a  t  auriculo-teniporal  branch. 

i  d  inferior  dental  nerve.  I  lingual  nerve. 

■M  G  Meckel's  ganglion. 

0  G  Otic  ganglion. 

s  G  submaxillary  ganglion. 

1  M  internal  maxillary  artery, 
at  M  middle  meninfjeal  artery. 

p  pneumogastric  nerve. 

G  P  glosso-pharyngeal  nerve. 

t  its  tympanic  branch  (nerve  of  Jacobson). 


Summary  of  the  Functions  of  the  Facial  Nerve. 

This  nerve  contains  almost  exclusively  efferent  (motor  and 
secretory)  fibres.  Whenever  its  branches  possess  sensory  functions 
these  are  due  to  the  presence  of  fibres  from  the  fifth,  and,  to  a 
small  extent,  of  fibres  from  the  vagus  [and  perhaps  of  the  glosso- 
pharyngeal] ;  the  latter  surmises  account  for  the  fact  that  paralysis 
of  the  fifth  does  not  cause  complete  loss  of  sensibility.  According 
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to  recent  researches  the  chorda  tympani  contains  gustatory  and 
vaso-dilator  fibres  for  the  anterior  part  of  the  tongue.  Its  motor 
fibres  supply  all  the  superficial  muscles  of  the  head — the  'muscles 
of  expression,'  the  muscles  of  the  external  ear,  the  stylo-hyoid 
muscle,  the  posterior  belly  of  the  digastric,  the  levator  palati,  the 
azygos  uvulae,  the  stapedius,  and  finally  the  platysma  myoides. 
Its  secretory  fibres  act  upon  the  salivary  glands. 

Paralysis  of  the  facial  of  one  side  causes  contraction  of  the  face  towards  the 
opposite  side.  This  is  due  to  the  fact  that  after  contraction  of  the  face  the  elas- 
ticity of  the  paralyzed  muscles  is  not  sufficient  to  stretch  out  the  muscles  of  the 
opposite  side  to  their  previous  length.  [There  is  a  loss  of  all  expression  on  the 
palsied  side.  The  eye,  in  consequence  of  the  paralysis  of  the  orbicularis palpc- 
brarum,  remains  wide  open,  unwinkinp^ ;  and  the  tears  no  longer  spread  over  the 
eyehaU  and  are  not  conducted  to  the  puncta  lachrymalia,  but  flow  over  the 
cheek ;  whilst  the  eye,  no  longer  protected  from  the  contact  of  foreign  particles, 
often  becomes  irritated  and  inflamed. 

The  buccinator  being  completely  paralyzed  the  cheek  is  puffed  out  at  each 
expiration ;  if  an  attempt  be  made  to  whistle  the  attempt  fails,  and  the  flaccid 
cheek  on  the  affected  side  contrasts  with  the  distension  of  the  opposite  side. 
The  muscles  of  the  lips  being  paralyzed  as  well  as  the  buccinator,  particles  of 
food  make  their  way  between  the  teeth  and  the  cheek  and  there  accumulate. 
The  movements  of  the  nostril  cease ;  and,  in  consequence  of  the  impossibility  to 
draw  air  into  the  nosti'il  by  sniffing,  the  sense  of  smell  becomes  less  acute  than 
normal. 

In  addition  to  the  above  there  are  changes  in  the  form  of  the  soft  palate, 
and  affections  of  hearing  and  taste  which  reqiiire  carefid  examination.  Accord- 
ing to  most  wi'iters  on  facial  paralysis,  a  change  in  the  soft  palate  is  to  be  noted 
in  this  affection ;  the  description  of  the  change  has  however  in  general  been 
inaccurate.  From  the  very  careful  observations  of  Sanders,^  which  the 
editor  had  the  opportunity  of  witnessing,  there  occurs,  in  lesion  of  the  facial 
nerve,  a  vertical  relaxation  or  lowering  of  the  half  of  the  veliun  palati  cor- 
responding to  the  affected  side,  vdth  diminished  height  and  curvature  of  the 
posterior  palatine  arch  on  the  paralyzed  side.  This  condition  is  due  to  the 
paralysis  of  the  levator  palati.  In  addition,  there  is  usually  a  drawing  of  the 
uvula  towards  the  paralyzed  side  (not,  as  most  medical  -m-iters  have  described, 
towards  the  healthy  side) ;  this  is  probably  due  to  the  palato-phai7ngeus  which 
is  unaffected,  and  which  is  no  longer  antagonized  by  the  levator  palati,  exerting 
a  greater  effect  upon  the  uvula  on  the  affected  side  than  can  be  exerted  by  the 
palato-pharyngeus  on  the  unparalyzed  side.  There  are  facts  which  show 'that, 
in  addition  to  the  levator  palati,  the  only  muscle  of  the  soft  palate  which  is 
affected  in^  paralysis  of  the  seventh  is  the  azyrjos  uvvlce,  so  that  we  may 
conclude  with  safety  that  the  levator  palati  and  the  azygos  uvulte  are  the  only 
palatine  muscles  receiving  efferent  fibres  from  the  seventh. 

Affections  of  hearing  are  very  common  in  paralysis  of  the  seventh ;  these 
are  sometimes  due  to  participation  of  the  eighth  nerve  in  the  morbid  process 
which  gives  rise  io  the  palsy  of  the  contiguous  nerve  ;  it  is  most  probable,  how- 
ever, that  there  is  an  affection  of  hearing  which  is  an  essential  phenomenon  of 
facial  palsy,  and  which  is  dependent  upon  the  paralysis  of  the  nerve  to  the 
stapeditis? 

Finally,  in  all  cases  of  paralysis  of  the  seventh  nerve  there  is  an  affection  of 
the  sense  of  taste  in  the  anterior  portion  of  the  tongue ;  in  certain  cases  this 


A  Sanders,  M.D.  'Vertical  Hemiplegia  of  the  Palate  in  Facial  Palsy'  Edin- 

burgh Medical  Jovrnal,  August  1865.  ^ ' 
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loss  of  the  sense  of  taste  is  complete,  though  common  sensibility  persists  i ; 
the  most  probable  explanation  of  this  phenomenon  appears  to  be  that  the  chorda 
tympani  contains  the  fibres  which  minister  to  the  special  sense  of  taste  in  the 
anterior  two-thirds  of  the  tongue.  This  subject  will  be  discussed  more  com- 
pletely under  the  heading  of  '  The  Organ  of  Taste.'] 


Eighth  Pair  {Auditory  N.  Portio  mollis  of  the  Seventh  Cranial 

Nerve  of  Willis). 
This  is  the  only  nerve  connected  with  the  special  sense  of  hearing.  Every 
stimulation  of  this  nerve  occasions  an  auditory  sensation,  and  its  section  is 
followed  by  deafness ;  it  is  also  engaged  in  conducting  other  than  auditory  im- 
pulses from  the  semicircular  canals  (see  Chap.  X.) 


Ninth  Pair  {Olosso-joharyngeal  N. — Part  of  the  Eighth  Cranial 

Nerve  of  Willis). 

[In  fig.  36  is  shown,  diagrammatically,  the  glosso-pharyngeal  nerve  (g  p) 
and  its  relations  to  the  facial  (f),  pneumogastric  (p),  and  sympathetic  (s) 
nerves.  Upon  the  trunk  of  the  nerve  is  seen  first  the  jugular  ganrjlion  (j  g), 
and  then  the  petrous  ganglion  (p  g),  communicating  with  the  ganglion  of  the 
root  of  the  pneumogastric,  and  with  the  superior  cervical  ganglion  of  the  sym- 
pathetic. From  the  petrous  ganglion  is  given  off  the  tympanic  branch  or  nerve 
of  Jacohson  (1),  the  bi'anches  of  which  are:  filaments  to  plexus  on  carotid 
artery  (2)  :  branch  to  EustacJiian  tube  (3)  :  branch  to  fenestra  rotunda  (4) :  branch 
to  fenestra  ovalis  (5)  :  a  twig  of  union  with  the  small  superjicial  petrosal 
nerve  (6)  :  a  twig  of  union  with  the  great  superficial  petrosal  nerve  (7).  By 
the  two  latter  branches  the  fibres  of  the  glosso-pharyngeal  may  make  their  way 
to  the  Otic  ganglion,  to  MeckeVs  ganglion,  and  to  the  facial  nerve. 

Follovnng  down  the  trunk  of  the  nerve  from  the  ^iftrous  ganglion,  it  is  seen 
to  give  ofi" :  pharyngeal  branches  (8),  which  unite  with  branches  of  the  pneumo- 
gastric and  sympathetic  to  form  the  pharyngeal  plexus  (see  also  fig.  37) 
the  fibres  of  the  glosso-pharyngeal  being  distributed  to  the  mucous  membrane 
of  the  pharynx :  muscular  branches  (9)  to  the  stylo-pharyngeus,  and  to  the  con- 
strictors of  the  pharynx  (?)  :  tonsillitic  branches  (10)  forming  the  plexus-like 
arrano-ement  called  the  circulus  tonsillaris,  whence  fibres  pass  to  the  soft  palate 
and  isthmus  of  the  fauces :  and  lastly,  lingual  branches,  which  are  distributed  to 
the  mucous  membrane  covering  the  base  of  the  tongue,  where  many  of  the  fibres 
enter  the  drcumvallate  papillae.] 

The  glosso-pharyngeal  is  a  mixed  nerve  which,  however,  only 
contains  a  few  motor  fibres  for  the  following  muscles,  levator 
palati,  azygos  uvula},  middle  constrictor  of  the  phai^nx,  and 
stylo-pharyngeus. 

[In  the  opinion  of  the  editor,  for  the  reasons  stated  at  p.  365,  the  two  muscles 
first  mentioned  are  supplied  by  the  facial  nerve  (see  also  Quaiu's  '  Anatomy,'  * 
Turner^)]. 

The  remaining  fibres  are  afferent,  and  minister  in  part  to 
common  sensibility,  but  chiefly  to  the  sense  of  taste  in  the  soft 
palate  and  the  root  of  the  tongue. 

>  A.  Davidson,  M.D., '  On  the  Sense  of  Taste  and  its  Relation  to  Facial  Paralysis  and 

2  Quairi's  Anatomy,  8th  ed.  (1876),  vol.  i.  p.  290.  _ 

3  Turner,  An  Introduction  to  Human  Anutomt/  (18/5),  part  i.  p.  dOo. 
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[Considerable  doubt  surrounds  all  statements  concerning  the 
motor  functions  of  the  glosso-pharyngeal,  the  statements  of  dif- 
ferent observers  being  remarkably  discordant.  There  is  strong 
reason  for  believing  that  any  motor  fibres  which  the  nerve  may 
contain,  as  those  said  to  be  distributed  to  the  stylo-pharyngeus, 
are  derived  from  the  facial  n.] 

Fig.  36. 


DIAGRAM  OF  GLOSSO-PHARYNGEAL  NERVE,  ITS  CONNECTIONS  AND  BRANCHES. 

G  P  glosso-pharyngeal  nerve.     ,t  g  ite  jugular  ganglion,     v  g  its  petrous  ganglion. 

1.  tympanic  branch,  or  nerve  of  Jacobson,  the  branches  of  which  are  as  follows  :  

2.  filaments  to  plexus  on  carotid  artery;  3,  to  Eustachian  tube ;  4,  to  fenestra  rotunda  • 

5,  to  fenestra  ovalis.  ' 

6.  twig  of  union  with  small  superficial  petrosal  n. 

7.  twig  of  union  with  great  superficial  petrosal  n. 

8.  pharyngeal  branches  of  glosso-pharyngeal  n. 

9.  muscular  branches  to  stylo-pharyngeus  and  constrictors  (?) 

10.  tonsillitic  branches. 

11.  terminal  lingual  branches. 

p  pneumogastric  nerve,  from  the  ganglion  of  the  root  of  which  branches  nass  to  thr 
petrous  ganglion.  ^  ^ 

8  superior  cervical  ganglion  with  an  ascending  branch  to  the  petrous  gandion 

M  G  Meckel's  ganglion,   o  g  Otic  ganglion,    f  facial  nerve,    c  a  cM-otid  artery. 
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Tenth  and  Eleventh  Pairs  (N.  Vagus  or  Par  Vagum  and  Spinal 
Accessoi^  Nerve;  Divisions  of  the  Eighth  Cerebral  Nerve  of 
Willis). 

Together  these  form  a  mixed  nerve.  It  has  been  maintained 
(Longet)  that  these  two  nerves  are  to  be  regarded  as  two  roots,  of 
which  one  (the  vagus)  contains  the  afferent,  whilst  the  other 
Cthe  spinal  accessory),  whose  inner  or -anterior  branch  imites  with 
the  vagus  of  descriptive  anatomy,  contains  the  efferent  fibres. 
The  vagus,  however,  at  its  origin,  contains  motor  fibres  for  the 
larynx,  pharynx,  and  oesophagus  (Van  Kempen). 

[In  fig.  37  is  seen  a  diagranunatie  representation  of  the  vagus  and  spinal 
accessory  nerves,  and  tlieir  relation  to  other  nerves. 

r  indicates  the  facial  nerve,  g  p  the  glosso-pharyngeal  nerve,  v  the  pneumo- 
gastric  nerve,  H  the  hypoglossal  nerve,  8  A  the  spinal  accessory  nerve,  whilst 
I  c,  II  c,  III  c,  and  IV  c  indicate  cervical  spinal  nerves. 

Considering  first  the  pneumogastric,  we  observe  at  the  commencement  of  its 
course  the  ganglion  of  the  root  (g  ?•).  This  ganglion  is  seen  to  receive  filaments 
from  tlie  internal  division  of  the  spinal  accessory  {i  d)  ;  it  is  connected  besides 
■with  the 2}et7'ous ganglion  of  tlie  glosso-phai'yngeal,  and  with  an  ascending  branch 
fi'om  the  upper  cervical  ganglion  of  the  sympathetic  (s).  From  the  ganglion  of 
the  root  the  auricular  branch  (Arnold's  nerve)  (1)  is  given  off',  which,  joining 
with  a  twig  from  the  glosso-pharyngeal,  and  the  facial,  is  distributed  to  the  skin 
covering  the  back  of  the  external  ear.  Below  the  first-mentioned  ganglion  is 
seen  the  ganglion  of  the  ti-unk  (g  t),  which  does  not  include  aU  the  fibres  of 
the  nerve,  as,  for  instance,  the  fibres  derived  from  the  internal  division  of  the 
spinal  accessory.  Connecting  branches  extend  between  the  ganglion  of  the 
trunk  and  the  hypoglossal,  spinal,  and  sympathetic  nerves.  From  the  ganglion 
of  the  trunk  are  given  off":  the  pharyngeal  branch  (2),  which,  meeting  branches 
from  the  sympathetic  glosso-pharyngeal  and  superior  laryngeal  nerves,  forms  the 
pharyngeal  2)lexus  (3),  whence  fibres  proceed  to  the  muscular  structures  and  the 
mucous  membrane  of  the  pharynx ;  it  is  the  fibres  from  the  vagus  which 
doubtless  supply  the  former:  the  superior  laryngeal  nerve  (4),  dividing  into  an 
internal  branch  (4'),  to  the  mucous  membrane  of  the  larynx  and  epiglottis,  to 
the  arytenoid  muscle,  which  it  supplies  in  part,  and  which  communicates  with 
a  branch  of  the  recurrent  laryngeal,  and  an  external  branch  (4"),  which  supplies 
the  crico-thyroid  muscle.  The  trunk  of  the  pneumogastric  gives  off"  the  follow- 
ing branches :  cardiac  hi-anches  (6),  which  arise  partly  in  the  neck  and  partly  in 
the  chest,  and  join  the  cardiac  plexus  (7).  (The  recurrent  laryngeal  also 
furnishes  cardiac  branches  (5')  )  :  the  renu7rent  laryngeal  hranch  (6),  which  winds 
round  from  the  thorax  and  is  distributed  to  the  larynx,  supplying  its  intrin.-ic 
muscles,  with  the  exception  of  the  crico-thyroid,  filaments  being  given  oft"  pre- 
viously to  join  the  cardiac  plexus:  oesophageal  branches  (9),  which  form  the 
oesophageal  plexus,  which  supplies  both  muscles  and  mucous  membrane  of  the 
oesophagus :  pulmonary  branches  (8),  which,  with  the  sympathetic,  form  the 
ant.erior  posterior  pulmonary  plexuses:  gastnc  brancjips  {\0),  snT^\>Wm^  the 
stomach,  and  giving  branches  to  the  solar  plexus :  splenic  branches  (11),  joining 
the  splenic  plexus  (only  from  right  vagus)  :  hepatic  h-anches  (12),  joining  the 
hepatic  plexus  (only  from  left  vagus). 

The  Spinal  Accessory  Nerve  (s  \)  is  seen  to  divide  into  two  divisions,  of 
which  the  internal  {i  d)  has  already  been  referred  to  as  joining  the  vagus, 
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Fig.  37. 


DIAGRAM  OF  THE  PNEUMOGASTRIC  AND 
SPINAt,  ACCESSORY  NERVES,  THEIR  CON- 
NECTIONS AND  BRANCHES. 

p  pneumogastric  nei-ve. 
s  A  spinal  accessory  nerve. 
11  hypoglossal  nerve. 

G  p  glosso-pharyngeal  nerve,    r  facial  nerye. 
s  superior  cervical  ganglion  of  the  sympathetic 
g  r  ganglion  of  the  i-oot  of  the  vagus. 
g  t  ganglmi  of  the  trunk  of  the  vagus. 

1.  auricular  branch  of  the  vagus  (Arnold's 
nerve). 

2.  pharyngeal  branch. 

3.  convergence  of  nerves  to  form  pha- 
ryngeal plexus. 

4.  superior  laryngeal  nerve. 
4'  internal  branch  of  superior  laryngeal 

nerve. 

4"  external  branch  of  superior  laryngeal 
nerve. 

6  6  6.  cardiac  branches  of  the  vagus. 

5.  inferior  laryngeal  nerve  (recurrent). 
5'  cardiac  branch  of  inferior  laryn- 
geal nerve. 

convergence  of  branches  of  vagus  to 
form  cardiac  plexuses, 
pulmonary  branches, 
oesophageal  branches. 

10.  gastric  branches. 

11.  splenic  branches. 

12.  hepatic  branches, 
s  A  spinal  accessoiy  nerve. 

i  d  internal  division  of  spinal  accessory, 
e  d  external  division  of  spinal  accessory. 
I  c,  II  c,  III  c,  IV  c  CRi-vical  nerves. 
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furnisliing  filaments  to  the  ganglion  of  the  root,  and  afterwards  blending  with 
the  trunk  of  the  nerve ;  the  external  division  (e  (T)  supplies  the  trapezius  and 
sterno-mastoid  muscles,  and  forms  anastomoses  with  the  third  and  fourth  cer- 
vical nerves. 


Summary  of  the  Functions  of  the  Pneumor/astric  and 
Spinal  Accessory  Nerves. 

The  centrifugal  fibres,  so  far  as  is  known,  are  the  following  : 

a.  Motor  fibres.  1.  For  the  muscles  of  the  pharynx.  2.  For 
the  muscles  of  the  larynx,  contained  for  the  most  part,  in  the  n. 
laryngeus  inferior  or  recurrent  laryngeal'.  The  n.  larjnageus  superior 
supplies  a  branch  for  the  crico-thyroid  muscle :  this  statement  has, 
however,  been  lately  denied.  3.  For  the  muscles  of  the  bronchi : 
this  is,  however,  doubtful.  4.  For  the  oesophagus  ;  after  section  of 
both  vagi  food  which  is  swallowed  no  longer  enters  the  stomach, 
while  after  section  of  the  accessories  no  such  result  follows.  5.  For 
the  stomach.  6.  According  to  some  writers,  for  the  small  and  large 
intestine  and  for  the  uterus.  7.  For  the  sterno-cleido-mastoid  and 
trapezius  muscles,  the  fibres  being  situated  in  the  outer  or  posterior 
branch  of  the  spinal  accessory  of  descriptive  anatomy. 

b.  Regulating — inhibitory — fibres  for  the  heart  (Ed.  Weber,' 
Budge). 

c.  Secretory  fibres.  1.  For  the  glands  of  the  gastric  mucous 
membrane,  &c. :  this  fact  has  not  been  conclusively  proved,  and  has 
lately  been  contested.  2.  For  the  kidneys  (Bernard  ^ ),  since  irri- 
tation of  the  vagus  at  the  cardia  is  said  to  increase  the  urinary 
secretion,  producing  simultaneously  arterialization  of  the  venous 
blood  (?) 

d.  Vaso-motor  fibres  for  the  vessels  of  the  abdomen  (Rossbach 
and  Quillhorst)  ;  the  statements  concerning  tlie  fibres  for  the  vessels 
of  the  lungs  have  not  been  confirmed. 

The  centripetal  fibres  are  the  following : 

a.  Sensory  fibres  supplying,  in  all  probability :  1 .  The  whole 
respiratory  apparatus.  2.  The  digestive  apparatus  from  the  velum 
palati  to  the  pylorus.    3.  The  heart. 

b.  Regulating  fibres  :  1.  Accelerating  for  the  inspiratory  centre, 
arising  probably  in  the  lungs.  2.  Inhibitory  for  the  same  centre 
(Rosenthal  ^  ).  The  distribution  of  these  accelerating  and  inhibitory 
fibres  among  the  branches  of  the  vagus  has  been  described  on  p. 
201.  3.  Stimulant  for  the  cardiac  inhibitory  centres  (Bonders). 
4.  Stimulant  for  the  vaso-motor  centre  ('  pressor  fibres  '),  especially 
in  the  superior  laryngeal  branch  (Aubert  and  Roever  * ).  5.  inhibi- 

1  E.  Weber  in  Wagner's  Ilandw'ortet  buch  d.  Phys.    "Vol.  iii.  p.  81. 

2  Bernard,  Legons  sur  les  Liquides  de  VOrganisme.    Vol.  ii.  p.  371. 

3  Rosenthal,  Die  Athembewegungen.  1862.— ^rcAic  /.  Anat.  u.  Phys.     1864,  p.  456  ; 
18G5,  p.  191  ;  1870,  p.  423.  ,    ,    ^.         ,  .  n^. 

4  '  AUbert  and  Roever,'  Pfiiiger's  Archiv.    Vol.  i.  p.  224. 
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tory  for  the  same  centre,  which  in  many  animals  run  in  a  special 
branch,  the  Eamiis  depressor  nervi  vagi  (Ludwig  and  Cyon  ^ ).  6. 
Stimulant  for  the  salivary  secretion,  arising  probably  from  the 
stomach  (though  this  is  doubtful:,  consult  p.  130  et  sq.).  7.  In- 
hibitoiy  for  the  pancreatic  secretion  (Ludwig  and  N.  0.  Bern- 
stein^). 8.  Stimulant  for  the  sugar-formation  in  the  liver, 'i.e. 
fibres,  the  centripetal  irritation  of  which  calls  into  reflex  activity 
the  nerves  which  lead  to  the  formation  of  sugar ;  these  fibres  have 
their  peripheral  terminations  in  the  thorax,  possibly  in  the  lungs 
(Bernard). 

The  results  of  experimental  section-  and  irritation  of  the  vagus  and  accessory, 
which  have  served  to  determine  the  various  series  of  tihres  contained  in  those 
nerves  will  now  be  gathered  into  a  rimme. 

1.  Section  of  the  spinal  accessoiy  ahove  its  point  of  imion  with  the  vagus 
(or,  as  is  the  usual  plan,  removal  of  the  accessorius-roots  from  the  cord),  para- 
lyses all  the  muscles  dependent  upon  the  vago-accessori  us  for  their  nerve-supply  : 
according  to  some,  the  laryngeal  muscles  (van  Kempen,  Navratil)  are  not  affected, 
and  the  power  of  swallowing  is  not  entirely  lost.  In  addition  section  of  the  spinal 
accessory  causes  acceleration  of  the  heart's  action,  while  stimulation  produces 
slowing  (Waller,  Heidenhain).  Unilateral  pai'alysis  of  the  external  portion  of 
the  accessorius  causes  a  twisting  of  the  head. 

2.  Irritation  of  the  vagus  above  the  point  of  union  vsdth  the  spinal  accessory 
causes,  among  other  things,  contractions  in  larynx,  pharynx,  and  oesophagus. 

3.  Section  of  the  vagus-tiamk  in  the  neck  causes  (a)  paralysis  of  laryngeal 
muscles,  and,  in  consequence,  when  both  vagi  are  divided,  inaction  of  the  vocal 
cords,  loss  of  voice  and  passage  of  portions  of  food  into  the  livngs,  whereby  fatal 
pneiunonia  is  induced ;  (6)  quickening  of  the  heart's  action ;  (c)-  slowing  of  the 
movements  of  inspu-ation  ;  {d)  prevention  of  those  reflex  acts  which  stimulations 
applied  to  larynx,  pharynx,  and  stomach,  normally  induce ;  (e)  prevention  of 
the  last  act  in  the  operation  of  swallowing,  so  that  the  oesophagus  becomes  filled 
with  food  ;  (/)  inteiTuption  of  the  sugar-formation  in  the  liver  (?) 

4.  Irritation  of  the  peripheral  portion  of  the  divided  vagus  in  the  neck  causes 
(a)  spasms  of  the  glottis  or  conti'action  of  the  laryngeal  muscles,  which  is  also 
induced  by  irritation  of  the  peripheral  end  of  the  inferior  laryngeal  nerve  ;  (6) 
slowing  of  the  heart's  action,  and  finally  stand-still  of  that  organ  in  diastole ; 
(c)  contraction  (so  it  is  said)  of  the  smooth  muscles  of  the  bronchi,^  thus  narrow- 
ing their  lumen  somewhat ;  this  has,  however,  been  frequently  denied,  by  Bon- 
ders, Wintrich,  Rosenthal  and  Riigenberg,  but  has  been  again  supported  recently 
by  Schiff  and  Berf* ;  (rf)  contraction  of  stomach,  intestine  (?),  uterus  (?),  &c. ; 
(e)  increased  renal  secretion  (?) 

5.  Irritation  of  the  central  portion  of  the  divided  vagus  in  the  neck  causes 
(a)  quickening  of  inspiratory  movements,  which  proceeds  even  to  inspiratory 
tetanus ;  occasionally,  however,  an  opposite  result  follows  (p.  201) (6)  increased 
sugar-formation  (?) ;  (c)  increased  salivary  secretion  (?)  ;  {c^  diminished  pan- 
creatic secretion ;  (e)  diminished  blood-pressure  if  stimulation  be  applied  above 
the  point  of  union  of  depressor  and  vagus  ^  (/)  sltrwing  of  the  heart's  beat  when 
the  other  vagus  is  intact. 


*  E.  Cyon  and  C.  Ludwig,  '  Die  Reflexe  einea  der  sensiblen  Nerven  des  Herzens  auf 
die  Motorischen  der  Blutgefdsse,'  Ber.  d.  K.  Siichs.  Gessell.  zu  Leipzig.    1806,  p.  307. 

*  Bernstein,  'Zur  Physiologie  der  Bauclispeichelabsondcrung,'  Ber.  d.  K.  Sdc/is. 
Gessellsch  d.  Wissettsch.  zu  Leipzig.    1869,  p.  103. 

'  Williams, '  Report  of  Experiments  on  the  Physiology  of  the  Lungs  and  Air-tubes,' 
Reports  of  the  British  Assoc.  1840  (Glasgow  Meeting),  p.  411. 

*  Bert,  Lefons  sur  la  Physiologie  comparee  de  la  Respiration.    Le9on  xxi.  p.  275. 
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6.  Section  or  paralysis  of  tlie  inferior  laryngeal  nerve  paralyzes  the  laryngeal 
muscles,  causing  the  same  phenomena  as  section  of  the  vagus  in  the  neck  (see  3 
o)  ;  aneurisms  of  the  aortic  arch  sometimes  press  upon  the  left  inferior  laryngeal 
nerve,  thus  producing  paralysis  of  the  left  vocal  cord. 

7.  Section  of  the  superior  laryngeal  nerve  causes  a  slight  slowing  of  inspira- 
tion (Sklarek),  on  account  of  the  motor  fibres  for  the  larynx,  and  especially  for 
the  crico-thyroid  muscle,  which  it  contains.  Nawi-atil  has  recently  denied  that 
the  crico-thyroid  muscle  receives  motor  supply  from  this  nerve. 

8.  Iri'itation  of  the  central  portion  of  the  divided  superior  laryngeal  nerve 
causes  (a)  slowing  of  inspiration  which  proceeds  to  complete  cessation  of  the 
respiratory  movements  (Rosenthal)  ;  (6)  increased  blood-pressure  by  inducing 
contraction  of  the  arteries. 

9.  Irritation  of  the  central  portion  of  the  divided  depressor  branch  of  the 
vagus  causes  dilatation  of  all  the  arteries  and,-  in  consequence,  a  fall  of  blood- 
pressure  (Cyon  and  Ludwig). 

The  irritability  of  the  fibres  of  the  vagus  or,  more  correctly,  of  the  end-organs 
of  the  fibres,  varies  with  the  fibre. 

On  irritation  of  the  peripheral  portion  of  a  divided  vagus,  a  stronger  stimulus 
is  needed  to  produce  slowing  of  the  heart  than  is  necessary  to  produce  contraction 
of  the  laryngeal  muscles  (Rutherford  '  ).  During  irritation  of  the  central  portion 
the  fibres  which  cause  quickening  of  respiration  are  sooner  exhausted  than  those 
which  cause  slowing  (Burkart).  The  inhibitory  fibres  for  the  heart  are  some- 
times very  unequally  divided  between  the  two  vagi. 


Twelfth  Pair  [Hypoglossal  Nerve,  Ninth  Cerebral  Neo've  of 

Willis). 

[In  fig.  38  the  hypoglossal  nerve  is  shown  with  its  relations  to  the  pneumo- 
gastric,  sympathetic,  and  cerncal  nerves. 

Close  to  its  origin  the  nerve  is  seen  to  send  filaments  (1)  to  the  ganglion  of 
the  trunk  of  the  pneumogastric ;  it  afterwards  receives  filaments  from  the 
superior  cervical  ganglion  of  the  sympathetic,  and  from  the  loop  which  connects 
the  two  first  cervical  nerves. 

The  trunk  of  the  nerve  gives  olF  the  descending  braiwh  (4)  ('  descendens 
noni')  which  unites  with  a  branch  from  the  second  and  third  cervical  nerves 
(5)  to  form  the  a7wa  hypoglossi,  from  which  branches  are  given  to  the  omo- 
hyoid, sterno-hyoid,  and  thyro-hyoid  muscles. 

After  giving  off  the  descendens  noni,  the  hypoglossal  gives  off  a 
branch  to  the  thyro-hyoid  muscle  (6) ;  terminal  branches  (7),  to 
the  styloglossus,  hyoglossus,  genio-hyoid,  genio-hyoglossus  muscles, 
and  also  to  the  intrinsic  muscles  of  the  tongue. 

Summai^  of  Functions  of  Hypoglossal  Nerve. 

This  nerve  is  the  motor  nerve  for  all  the  muscles  of  the  tongue, 
and,  therefore,  also  a  motor  nerve  concerned  in  speech.  In 
addition,  it  supplies  the  muscles  connected  with  the  os  hyoides.  It 
receives  sensory  fibres  through  its  ramus  descendens  from  the  first 
cervical  nerve,  in  consequence  of  which  the  tongue  retains  a  certain 
amount  of  sensibility  even  after  section  of  the  fifth. 

1  Rutherford, '  Influence  of  the  Vagus  upon  the  Vascular  System,'  Transactions  of  the 
Royal  Society  of  Edinburgh,  1869,  70. 
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DIAGRAM  OF  THE  HYPOGLOSSAL  NERVE,  ITS  C02jNECTI0ITS  AND  BRAHCHEIS, 

H.  hj'poglossal  nei-ve.  p.  pneumogastric  nerve. 

s.  sujierior  cervical  ganglion  of  the  sympathetic.  l.  lingual  nerve, 

I  (',  II  c,  m  c.  the  three  upper  ceivical  nerves. 

1.  communicating  branches  from  hypoglossal  to  ganglion  of  the  trunk  of 

the  vagus. 

2.  connectiug  filaments  with  the  loop  of  first  and  second  cervical  nerves. 

3.  branch  to  the  sympathetic. 

4.  descendens  noni. 

5.  branch  from  second  and  third  cervical  nerves  (comm.unicantes  noni). 

6.  branch  to  thyro-hyoid. 

7.  terminal  muscular  branches. 

8.  communicating  branch  to  lingual  branch  of  the  fifth, 

III,  Sympatlietic  Nerves. 

The  consideration  of  the  sympathetic  nerves  cannot  well  be 
separated  from  that  of  the  sympathetic  central  organs,  which  will 
be  found  in  Chap.  XI.,  where,  also,  the  reasons  for  such  combined 
treatment  are  given  at  length. 
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CHAPTER  X. 

THE  PEEIPHERAL  END-ORGANS  OF  NERVES. 

In  discussing  the  organs  engaged  in  secretion  and  motion  the  little 
which  is  known  concerning  the  peripheral  termination  of  centri- 
fugal nerves  has  been  referred  to.  The  peripheral  organs  of 
centrijpetal  nerves  have  in  great  part  been  acciu-ately  investigated. 
Many  of  these  are  in  connection  with  contrivances  wliich  serve  to 
transmit  in  a  suitable  manner  to  the  end-organs  the  influences  of 
the  external  medium,  such  as  light,  sound,  heat,  pressure,  &c., 
which  are  capable  of  exciting  nerves.  For  this  purpose  there  exist 
organs  which  are  composed  both  of  conducting  arrangements  and 
end-organs  of  nerves,  and  which  are  called  Organs  of  the  Senses. 

As  the  physiology  of  the  conducting  arrangements  cannot  be 
separated  from  that  of  the  end-organs,  the  whole  of  the  physiology 
of  the  Organs  of  the  Senses  will  be  here  treated  of. 

I.    THE  ORGAN  OF  SIGHT. 

In  the  organ  of  sight,  the  eye,  the  end-organs  of  the  nerves 
terminate  in  a  spherically-curved  membrane  (the  retina) ;  the 
luminous  impressions  capable  of  exciting  the  sense  of  sight  fall 
upon  this  surface.  The  rays  of  light  which  enter  the  eye  are  pro- 
jected by  means  of  a  system  of  different  refractive  media  upon 
the  retina,  in  such  a  manner  that  a  diminished,  inverted,  and  real 
image  of  the  objects  seen  is  formed  upon  it,  just  as  in  a  camera 
obscura. 

Schema  of  the  Eye. 

The  refractive  media  of  the  eye,  in  the  order  in  which  they  are 
traversed  by  the  rays  of  light  which  fall  upon  them,  are  the  follow- 
ing :  1 .  The  cornea.  2-  The  aqueous  humoiu'.  3.  The  lens  with 
its°  capsule.  4.  The  vitreous  body.  P'our  separating  surfaces  (re- 
fracting surfaces)  correspond  to  these  media :  1.  A  surface  between 
the  air  and  the  substance  of  the  cornea  (anterior  surface  of  the 
cornea).  2.  A  surface  between  the  cornea  and  the  aqueous  humour 
(posterior  surface  of  the  cornea),  &c.  In  order  to  be  able  to  follow 
the  paths  of  luminous  rays  which  pass  through  the  eye  to  the  re- 
tina, the  following  data  must  be  known  :  1.  The  refractive  indices 
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of  all  the  media.  2.  The  forms  of  all  the  refracting  surfaces. 
3.  The  distances  of  these  from  one  another  and  from  the  surface 
upon  which  the  image  is  projected  (retina). 

The  crystalline  lens  is  not  a  simple  refracting  medium;  its 
consistence  and  its  power  of  refraction  increase  from  the  exterior 
to  the  interior,  its  solid  nucleus,  which  is  of  very  small  radius  of 
c-irvature,  refracting  light  most  powerfully. 

The  annexed  diagram,  fig.  39,  which  represents  in  a  simplified 
manner  the  structure  of  the  lens,  shows  that  it  may  be  looked  upon 
as  made  up  of  a  powerful  convex  lens 
c  and  of  two  concave  lenses  a  and  h. 
The  latter  neutralize  to  a  certain  ex- 
tent the  action  of  c,  and  they  do  so 
the  less  the  smaller  their  refractive 
index.  Inasmuch  as  a  and  h  possess 
a  smaller  index  of  refraction  than  c, 
the  action  of  the  lens  as  a  whole  is 
greater  than  it  would  be  if  they  had 
the  same  index  of  refraction  as  c,  i.e. 
it  is  greater  than  would  be  the  case  were  the  lens  composed  of 
homogeneous  matter  having  the  same  index  of  refraction  as  the 
nucleus.  The  focal  distance  of  the  lens  being  determined  by  ex- 
periment, and  its  shape  being  known,  the  so-called  total  index  of 
refraction  of  the  lens  may  be  calculated,  i.e.  the  index  of  refraction 
which  the  lens  would  possess,  were  it  homogeneous.  According  to 
what  was  said  previously,  it  follows  that  the  index  thus  calculated 
is  greater  than  that  of  the  nucleus. 

The  optical  problems  connected  with  the  eye  are  much  simpli- 
fied by  the  fact  that  the  cornea  is  a  membrane  the  surfaces  of 
which  are  parallel,  and  which  limits  anteriorly  and  posteriorly 
fluids  which  possess  approximately  the  same  index  of  refraction  (in 
front  is  the  lachrymal  fluid  which  moistens  it,  behind  the  aqueous 
humour) ;  such  a  body  (like  a  plate  of  glass  the  surfaces  of  which 
are  in  contact  with  air,  e.g.  a  window-pane  or  a  watch-glass)  can- 
not give  a  new  direction  to  a  ray  of  light  which  traverses  it,  but 
can  only  deviate  it  slightly  in  a  direction  parallel  to  itself.  The 
cornea  itself  may  therefore  be  entirely  neglected,  and  we  may 
reason  as  if  the  aqueous  humour  extended  to  the  anterior  surface  of 
the  cornea.  There  remain,  therefore,  only  three  refracting  media 
to  be  taken  into  account — the  aqueous  humour,  the  lens,  and  the 
vitreous  body,  in  addition  to  three  refracting  surfaces,  viz.  the 
anterior  surface  of  the  cornea  and  the  anterior  and  posterior 
surfaces  of  the  crystalline  lens.  The  centres  of  curvature  of  these 
three  surfaces  lie  in  one  straight  line — the  optic  axis.^ 

'  When  examined  under  water  the  action  of  the  anterior  surface  of  the  cornea  also 
ceases,  so  that  the  eye  under  these  circumstances  possesses  but  two  refracting  surfaces. 
The  consequences  of  this  will  be  seen  further  on. 
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The  following  data  apply  to  the  eye  when  at  rest  {i.e.  when 
not  accommodated  for  distance)  (Listing  > ). 

(a.)  The  refracting  surfaces  are  spherical  surfaces,  the  radii  of 
which  have  the  following  measurements  : 

1 .  The  anterior  surface  of  the  cornea  about  8™™ 

2.  The  anterior  surface  of  the  lens       „  lO"""* 

3.  The  posterior  surfaces  of  the  lens     „  6™" 

(6.)  The  distances  between  these  refracting  surfaces  are — 

from  1  to  2  .  .  .  .  about  4^ 
„  2  to  3  ('  axis  of  the  lens ') '  .  „  4"^ 
„    3  to  the  retina    .       .       .       „  IS'^ 

((?.)  The  indices  of  refraction  are  (that  of  air  being  taken 
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as  1)  for  the  aqueous  humour  

77 
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for  the  lens  (total)  . 
for  the  vitreous  body 
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The  results  of  the  most  accurate  of  these  determinations  (Brewster,*  the  two 
Krauses/  Helmholtz  ^  )  cannot  here  find  a  place ;  only  the  methods  which  have 
heen  employed  in  making  them  can  be  shortly  indicated.  The  refractive  indices 
of  the  fluid  media  have  been  determined  by  well-known  optical  methods  in  eyes 
removed  from  the  body ;  the  total  refractive  index  of  the  lens  is  calculated  from 
its  empirically  determined  focal  distance  and  fi-om  its  external  form.  The  de- 
termination of  the  radii  of  curvature  must,  when  possible,  be  determined  in  the 
living  eye,  as  the  forms  undergo  various  changes  (see  below).  This  determina- 
tion is  made  by  the  following  very  exact  method,  which  is  specially  of  import- 
ance in  ascertaining  exactly  the  changes  which  occur  dming  accommodation 
(Helmholtz  *  ).  According  to  simple  geometrical  principles  the  radius  of  a  spher- 
ical surface  may  be  calculated  by  placing  a  body  of  linear  form  and  of  known 
length  at  a  measured  distance .  from  it,  and  measuring  the  image  of  the  body 
reflected  at  the  spherical  surface.  These  measurements  are  eflected  in  the  fol- 
lowing manner :  the  corneal  image,  which  we  shall  suppose  to  be  horizontal,  is 
observed  through  a  thick  glass  plate.  This  plate  is  divided  horizontally  into 
two  halves,  which  are  movable  around  a  common  vertical  axis.  So  long  as  the 
rays  of  light  pass  perpendicularly  through  tlie  glass  plate,  the  reflected  image 
appears  unchanged ;  if  now  the  two  glass  plates  are  turned  around  their  axis, 
but  from  opposite  sides  (so  that  looked  at  from  above  they  appear  crossed), 
each  plate  is  struck  obliquely  by  the  rays,  and  in  consequence  the  image  is  dis- 
placed in  a  horizontal  direction.  The  two  plates  displace  the  image  in  opposite 
directions,  and  there  appear  tivo  images  ;  if  now  the  plates  have  been  turned  to 


1  Listing,  art.  *  Dioptrik  des  Auges,'  in  Wagner's  Handw'drterbuch  d.  Physiologie.  Vol. 
iv.  p.  451. 

2  Brewster,  Edin.  Phil.  Journal.    1819,  No.  1,  p.  47. 

^  W.  Krause,  Die  Brechungsindices  der  durchskhtigen  Medien  d.  menschl.  Auges. 
Hanover,  1865. 

*  Helmholtz,  Handbuch  der  physiaJogischen  Optik,  p.  78. 

*  Helmholta,  Op.  cit.,  pp.  8-10  and  112-116. 
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sucli  an  extent  that  the  image  seen  through  each  is  displaced  through  a  distance 
of  one  half  of  its  length  and  that  the  opposite  terminal  points  of  the  two  images 
touch  (one  image  appearing  to  he  a  prolongation  of  the  other),  the  length  of  the 
image  may  be  calcidated  fi'om  the  angle  which  the  two  plates  make  one  with 
the  other,  providing  that  the  thickness  and  refractive  index  of  the  plates  he 
known.  Such  an  apparatus,  so  arranged  that  the  angle  between  the  plates  may- 
be read  off,  is  termed  an  '  Ophthalmometer.'  In  reference  to  the  distance  between 
the  refi'acting  sm'faces,  it  may  be  said  that  the  thickness  of  the  lens  {i.e.  the 
length  of  the  axis  of  the  lens)  may  be  determined  in  lenses  removed  from  the 
eye.  Yet  it-  is  better,  on  account  of  the  changes  which  it  undergoes  physiologi- 
cally, to  effect  this  measiu-ement  by  means  of  the  Ophthalmometer,  in  the  living 
eye,  from  the  reflected  images ;  the  same  method  is  followed  in  determining  the 
distance  between  the  anterior  sui'face  of  the  cornea  and  the  anterior  surface  of 
the  crystalline  lens. 

Formation  of  the  Image. 

According  to  the  statements  which  have  been  made,  the  eye 
is  a  system  composed  of  three  concentric  refracting  surfaces.  The 
laws  of  refraction  of  such  a  system  may  be  explained  as  follows : 

1.  Let  CD  (fig.  40)  be  a  spherically  curved  refracting  surface,  K  the  centre 
of  curvature,  and  a  B  a  straight  line  which  passes  through  it,  the  axis.  Let  c  d 
separate  two  media,  of  which  the  one  to  the  left  (the  anterior  or  first)  possesses 
the  refi-active  index  in,  the  other  (the  posterior  or  second)  the  index  n. 

The  luminous  ray  E  G  falling  from  the  point  E  on  the  axis  in  the  fii'st  medimu 
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upon  the  siu-face  c  D  is  refracted  at  G  ;  the  normal  on  the  surface  at  the  point  g 
is  the  radius  k  i,  therefore  E  g  i  =j9  is  the  angle  of  incidence,  K  g  L  =  y  is  the 
angle  of  refraction.  According  to  the  laAv  of  refraction  p  g,  k  i,  and  g  l  lie  in 
one  plane,  so  that  G  L  must  like  E  g  cut  the  axis.  Let  the  distance,  E  h,  of  the 
point  E  from  the  jjrincipal  point  H,  be  equal  to  a^,  and  the  distance  of  the  point 
L  from  the  principal  point  H,  L  H,  be  equal  to  a^.  The  relation  of  the  distances 
«i  and  «2  is  then  obtained  in  the  following  manner  (let  the  angle  H  E  g  =  s,  then 
the  angle  h  k g  =p - s,  and  the  angle  B.i,e  ^p-q-s ;  lastly,  let  the  radius  K  H 
=  K  G  =  r). 

According  to  the  law  of  refraction 

sin  p  :  sin  q  =  n  :  7)1  (1) 

In  the  triangle  E  g  K 

tty+r  :  r  =  sin  (180°— p)  :  sin  s  (2) 

And  in  the  triangle  G  K  L 

a^-r  :  r  =  Bm  q  :  Bin  (p-q-8)  (3) 

If  E  and  H  are  very  distant  from  one  another,  or  if  G  and  H  are  very  close  to 
one  a,nother,  then  the  ray  eg  is  only  slightly  bent  from  the  direction  of  the  axis- 
and  if  it  falls  upon  the  refracting  surface  near  the  axis,  the  angles     q  and  s 
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are  so  small  that  one  may  cousider  their  sines  lo  the  arc  as  equal.  If  one  does 
this,  and  if  one  considers  that  sin  (180° -jj)  =siu  p,  then 

(1)  hecomes  n  y  =  ??i/)  (4) 

(2)  „      pr=s{a,  +  r)  (5) 

(3)  „      qr  =  (p-q-s)(a^-r)  ....  (6) 

If  in  these  three  equations  we  eliminate  q  and  s,  p  vanishes,  and  we  obtain 
the  following  simple  relation  between     and  : 

in  ^        _  n  —  m 

As  this  relation  is  independent  of  the  angles  p  and  s,  all  other  rays  falling 
from  B  upon  _c  D  ( always  assuming  that  the  angles  p  and  s  are  not  too  large) 
must,  after  being  refracted,  pass  through  the  point  i,.  A  '  homocentric  '  pencil 
of  rays  proceeding  fi-om  e  must,  therefore,  after  refraction  again  be  homocentric; 
the  point  of  intersection  after  refraction  is  termed  the  image  of  the  luminous 
spot  E. 

2.  If  the  point  e  be  not  situated  in  the  axis,  a  straight  line  may  always  be 
drawn  through  it  and  the  nodal  point  k,  and  this  line  may  be  looked  upon  as  a 
new  axis  ;  the  image  L  then  lies  m  this  line. 

3.  The  law  of  homocentric  pencils  of  light  applies  wherever  the  point  e 
may  be  situated.  A  point  of  intersection  of  the  rays  proceeding  from  it  corre- 
sponds to  every  luminous  point,  and  this  point  of  intersection  always  lies  in  a 
straight  line,  joining  the  luminous  point  and  the  nodal  point;  this  line  is  called 
ihe  princijjal  ray  or  line  of  direction. 

The  image  is  called  real  when  the  rays,  as  in  fig.  40,  pursuing  their  proper 
direction,  form  it ;  it  is  called  virtual  when  it  is  not  formed  by  the  rays,  but  is 
only  obtained  by  prolonging  them  backwards. 

4.  If  the  positions  are  reversed  and  the  refracted  rays  be  regarded  as  the 
incident  rays  (the  real  or  the  virtual  point  in  the  image  becoming  the  real  or 
virtual  point  of  exit  of  rays),  these  will  again  unite,  as  the  most  superficial  con- 
sideration teaches  us,  at  the  original  luminous  points. 

The  luminous  point  and  the  image  have,  therefore,  a  reciprocal  relationship, 
and  they  are,  for  this  reason,  more  coiTectly  designated  '  conjugate  foci,'  and 
their  respective  distances  from  the  principal  point  (a^  and         §  1))  ^  ' 
jugate  focal  distances.' 

Fig.  40a. 
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5.  If  in  fiig.  40  the  incident  ray  e  G  be  parallel  to  the  axis,  then  e  H  =  «!  =  » , 
and  in  equation  (7)  —  =  o,  and  consequently  a^  acquires  the  value 


nr 


=A  (8) 


n  —  m 

Conversely,  if  the  ray  L  a  coming  from  the  second  medium  be  parallel  to  the 
axis,  then 


mr 
n  —  m 


-A  (9) 


REFRACTION  BY  SPHERICAL  SURFACES.  379 


Tlius  fill  rays  whicli  are  in  the  first  instance  parallel  to  the  axis  unite  softer  re- 
fi-action  at  a  point  p„  (fig.  40a)  which  may  be  termed  the  postei-ior  or  second  focal 
point,  and  the  distance  of  which  from  the  principal  point  H  =f^  (equation  8) 
is  termed  the  second  focal  distance.  Similarly,  all  those  rays  which  are  parallel 
to  the  axis  in  the  second  medium,  unite  to  form  the  Jirst  or  anterior  focal  point 
F.,  the  distance  of  which  from  the  centre  of  curvature,  H  =/i  (equation  9),  is 
termed  the  first  focal  distance.  (Conversely  all  rays  which  proceed  from  the 
focal  points,  become  parallel  after  refraction.) 

6.  From  (8)  and  (9)  it  follows  further  that 

f^-fi">   (11) 

i.e.  the  first  and  the  second  focal  distances  are  related  to  one  another. as  the 
indices  of  refraction  of  the  first  and  second  media,  and  the  difference  between 
these  focal  distances  is  equal  to  the  radius  of  curvature  ;  thus  in  fig.  40a,  h  Fj  -= 
K  Fj,  i.e.  the  distance  of  the  first  or  anterior  focal  point  from  the  principal  point 
H  is  equal  to  the  distance  of  the  second  focal  point  from  the  nodal  point. 

7.  The  focal  points  can  very  usefully  be  employed  in  order  to  find  geometri- 
cally the  image  Sj,  which  corresponds  to  a  luminous  point  Sj. 

In  fig.  41,  let  H  again  be  the  pi-incipal  point,  k  the  nodal  point,  Fj  and  F^  the 
two  focal  points.  The  point  of  intersection  of  any  two  refracted  rays  proceed- 
ing from  Sj  must  be  the  point  of  intersection  of  all  other  rays.  In  order  to  find 
this  point  of  intersection  we  may  best  make  use  of  the  following  rays  :  1.  The 

Fig.  41. 
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unrefracted  principal  ray,  s,  k  ;  2.  The  ray,  s,  g,  which  pursues  a  co^irse 
parallel  to  the  axis,  and  passes  after  refraction  through  the  second  focal  point, 
viz.  which  pursues  the  course  gFjSj  ;  3.  The  ray  SjFj  i,  which  passes  through 
the  first  (or  anterior)  focal  point,  and  which  after  refraction  is  parallel  to  the 
axis,  pursuing  the  line  i  s,.  Any  two  of  these  rays  suffice  in  order  to  find  Sj, 
and  it  is  easy  to  prove  geometrically  that  they  all  pass  through  Sj. 

By  the  same  construction  we  can  further  find  that  any  luminous  point  t, 
situated  in  the  line  Sj  tTj  perpendicular  to  the  axis,  will  thi'ow  its  image  on  the 
perpendicular  s„  tTj  at  the  point  Tj.  All  points  lying  in  a  plane  perpendicular 
to  the  axis  therefore  form  images  on  a  plane  which  is  also  perpendicular  to  the 
axis.  Every  flat  object  which  is  perpendicular  to  the  axis  furnishes  therefore  a 
flat  image  perpendicular  to  the  axis,  which  really,  as  can  readily  be  proved  by 
geometrical  methods,  resembles  the  object. 

From  §  0  it  follows  that  all  luminous  points  situated  at  an  infinite  distance 
(from  the  refracting  surface)  throw  their  image  on  a  plane  which  is  perpendi- 
cular to  the  axis  at  the  focal  point ;  this  plane  is  termed  the  focal  plane.  Rays 
which  are  parallel  to  one  another,  therefore,  always  intersect  at  one  point  of  the 
focal  plane. 

8.  From  the  preceding  there  results  a  simple  method  of  constructing  the 
course  of  the  refracted  ray  o  i,  which  corresponds  to  the  incident  ray  e  g  (fig, 
42).  Let  0  p  be  the  focal  plane.  A  ray  parallel  to  eg  must  intersect  the  re- 
quired (refracted)  ray  at  some  point  (m)  situated  in  the  focal  plane. 
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In  order  to  find  this  point  we  may  either  make  use  of  the  unrefracted  prin- 
a^&i  ray  n  k  M,  winch  is  parallel  to  E  G,  or  we  may  draw  throuo-h  the  focal 
point  a  parallel  ray  (Pj  l),  parallel  to  E  G,  which  wiU  after  refraction  pursue 
a  course  parallel  to  the  axis,  and  will  so  lead  to  M. 

Fig.  42. 
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9.  If  m  fig.  41  (§  7)  we  take  h  Ui  =  rt^  and  H  Uj  ^a^,  further  if  the  size  of 
the  object  tt,  8i=/„  the  size  of  its  image  1X282=  -  l^  (it  has  a  negative  sign  as 
it  lies  below  the  axis)  the  following  relations  are  found : 

In  the  similar  triangles  Sj  tTj  Fj  and  I H  Fj 

"i-fi'h=f,-  -h  (12) 

In  the  similar  triangles  S2 112  Fj  and  g  h  F2 

I  


~fi  •  ~  h  -/s 
From  (12)  it  follows  h  =1-  ^ 

fi 

From  (13)  „ 


(13) 
(14) 


Lastly,  from  (15)  and  (16)  a^A^  aifi=a,a. 


1"2 


or  A 


(15) 
(16) 


+  -J^  =  1  . 

The  equation  (16)  passes  into  equation  (7)  if  we  substitute  for/j  aud/^  the 
values  fiu-uished  by  equations  (8)  and  (9). 

_  10.  If,  in  equation  (16),  we  give  to  all  values  between  oo  and  0,  ac- 
quires the  following  values : 

(1)  when  ffj  =  CO    (the  luminous  point  being  infinitely  distant)  ar^  =/j 

(image  situated  at      see  §  5) 
/j    (luminous  point  at  fJ  ctj  =  °o  (image  infinitely  distant, 

see  §  5) 

0    (luminous  point  at  =  Q  (image  coincides  with  h) 

-  (/2-/1)'   (luminous  point  at  k)  a^^f^-f^  (image 
coincides  with  k). 

The  principal  point  and  the  nodal  point  coincide  with  their  own  images. 

11,  Planes  which  intersect  conjugate  foci  at  right  angles  to  the  axis  may  be 
called  conjugate  jilones,  for  the  images  of  objects  on  the  one  plane  are  thrown 
upon  the  other.  The  relation  between  the  size  of  these  images  is  expressed  by 
^1  and  ^2  (compare  §  9).  Every  point  in  one  plane  has  therefore  an  image  which 
corresponds  to  it  in  the  other,  and  the  distances  of  these  points  from  the  axis 
are  as  Z,  :  Zj-  If;  therefore,  one  knows  the  situation  and  relation  between  the 
sizes  of  the  images  on  two  conjugate  plaues,  we  may  make  use  of  any  point  for 
constructing  the  image  ;  for  every  ray  which  passes  from  this  point  in  the  ante- 
rior plane  must  after  refraction  pass  through  a  perfectly  definite  point  of  the 


(2) 

(3) 
(4) 


1) 


'  ay  must  alwa3's  bfi  reckoned  as  positive  when  it  is  on  the  left  of  H,  negative  when  it 
is  on  the  right ;  02,  on  the  contrary,  is  reckoned  positive  when  it  is  on  the  right  side. 
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posterior  plane.  If  now  in  the  construction  we  select  two  rays  which  ohey  also 
the  condition  of  passing  through  the  foci,  they  are  ipso  facto  perfectly  deter- 
mined. It  is  naturally  most  convenient  for  the  piu-pose  of  these  constructions 
to  select  those  conjugate  planes,  the  images  in  which  are  not  merely  similar, 
but  of  equal  magnitude,  and  which  are  called  princi^ml  jjlanes. 

Their  situation  is  found  when  in  equations  (15)  and  (16)  /j  =-l^.  It  follows 
then  that  «,  =  0  and  =  0,  i.e.  the  two  j^rincipal  planes  coincide  not  only  with 
one  another  but  also  with  the  refracting  surface. 

12.  In  the  case  of  two  spherically  curved  refracting  surfaces,  a  straight  line 
which  joins  their  centres  of  curvature  constitutes  their  common  axis.  As  a 
homocentric  pencil  of  rays  falling  upon  the  first  surface  (providing  that  its  rays 
do  not  form  too  great  an  angle  with  the  axis)  continues  homocentric  even  after 
refraction,  and  therefore  falls  homocentrically  upon  the  second  surface,  it  follows 
that  even  after  issuing  from  the  second  surface  the  rays  are  homocentric. 

13.  Let  the  distance  of  the  two  refracting  surfaces  along  the  axis  be  e ;  fur- 
ther let  /],/2  be  the  focal  distances  of  the  first,  and  those  of  the  second 
sm-face.  Let  now  «j  be  the  distance  of  an  object  from  the  first  surface,  then  the 
fii'st  surface  casts  an  image  at  distance  a^^  behind  itself. 

If  this  image  be  situated  at  the  distance  6j  in  front  of  the  second  refracting 
surface,  then  the  image  cast  by  this  is  situated  at  a  distance  63  behind.  The 
follovnng  relations  are  found  to  exist : 


from  (16) 


fiA.f1  — 


from  (16)  .  |l  +  .|?  =  1 

lastly  fljj  +       =  e. 

Hence  =   (17) 


(e-/2-5'i)«i-(e-£'i)/i 


from  (15)  that  =  ^^ill^  . 


14.  Fitrther,  if  I  be  the  size  of  the  object,  that  of  its  image  after  passing 
through  the  first  refracting  surface,  the  ultimate  image  after  refracting  by 
the  second  surface,  it  follows  from 

(14)  that  L  -  -i-  .  I. 

If  for     we  substitute  the  value  found  by  (17)  we  obtain : 
_  fiffih 

~  i.e-f.-9.)a,-{e-g,)f,  d^) 

15.  If  it  be  required  to  find  the  positions  of  the  jyrincijml  plane  (§  11),  we 
must  in  (18)  make  wz^  =  l^ ;  the  distance  of  the  first  principal  plane  from  the 
first  refracting  surface  is  then  found  by  the  following  equation : 

The  distance  of  the  second  principal  plane  from  the  second  refractino-  surface 
is  found  by  substituting  the  value  found  by  equation  (19)  for     in  equation 

The  two  principal  planes  do  not  therefore  coincide,  but  are  separated  from 
one  another  by 

+       +  e. 

16.  The  ultimate  focal  point  of  the  rays  which  before  passing  through  the 
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first  refracting  surface  were  parallel  to  the  axis  {i.e.  the  p7'incij)al  focal  point  or 
focus)  is  formed  by  making  Aj  =  oo  in  equation  (17)  ;  is  then  the  distance  of 
the  posterior  principal  focus  froiu  the  second  refracting  surface,  and 

B   =  ("-pi/^  (21) 

Conversely  the  anterior  p7-incij)al  focal  point,  corresponding  to  tlie  rays, 
"which  after  the  last  refraction  become  parallel  to  the  axis,  is  found  by  equation 
(17),  making  b^  =  oo  ;  a^  is  then  the  distance  of  the  anterior  focal  point  from 
the  first  refracting  surface,  and 

^   =  i^-ffi)fi  (22) 

17.  The  distance  of  the  fii-st  (anterior)  principal  focus  from  the  first  piinci- 
pal  point,  i.e.  the  Ji7-st  anterior  focal  distance  is     —  a, 

fiffi 


»i  =  Fj,  therefore 


r,  = 


 (23) 

Corresponding  to  this  is  the  distance  of  the  second  (posterior)  focal  point 
from  the  second  principal  point,  i.e.  the  second  chief  focal  distance  B^  — 62  =  F2, 
therefore 


From  (23)  and  (24)  "we  obtain 


(24) 


<.=fiffi''Aff.  (25) 

If  no"w  m  be  the  refractive  index  of  the  first,  n  that  of  the  second,  o  that  of 
the  third  medium,  it  results  (from  10,  §  6) 

fi  'A  =m  :  n 
91  '-sl  =n  :  o, 


0,  therefore 


(26) 


fi9i-f 29^  =  1^ 

i.e.  the  two  pnncipal  focal  distances  bear  the  same  relation  to  each  other  as  the 
indices  of  refraction  of  the  first  and  last  medium. 

18.  With  the  help  of  the  two  principal  planes  ^Jl■Jl■^  and  hji^  in  fig._43),  and 
of  the  two  principal  focal  points  f^  and  f^,  we  can  easily  construct  the  image  s,, 


Fig.  43. 


which  corresponds  to  any  given  luminous  object  8, ;  here  again  two  rays  are 
made  use  of.  The  ray  SiCi  proceeding  from  the  point  Sj  m  a  direction  parallel 
to  the  axis,  passes  after  refraction  through  and  F^,  and  must  therefore  follow 
the  path  c,f„8„.  The  ray  8,d,  which  passes  from  s,  through  Fj  must,  after  re- 
fraction, at  first  be  parallel  to  the  axis,  then  pass  through  the  point  d,  on  the 
eecoud  refracting  plane  which  corresnonds  to  the  point  Dj  on  the  first,  and  there- 
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fore  it  must  pursue  the  path  DjS^,  and  Sj  must  therefore  be  the  image  sought 
for,  which  corresponds  to  Sj. 

19.  If  now  the  lengths  Hjtrj=Aj  and  'B.^Vr^  =  i^c^,  i.e.  if  the  conjugate  focal 
distances  he  calculated  from  the  principal  points,  we  obtain  from  an  examina- 
tion of  the  similar  triangles  in  fig.  43,  eq.  (16),  corresponding  to  an  equation 

AjFj  +  A^Pj  =  AiAj  (27) 

If  iii.this  equation  A2=  -Aj,  we  obtain 

Ai  =        -  Fi   (28) 

which  is  the  distance  of  that  point  from  the  first  principal  plane,  the  image  of 
which  lies  just  as  far  behind  the  second  principal  plane. 

We  have  now  two  new  conjugate  foci,  the  two  nodal  points  (Kj  and  in 
fig.  43),  which  are  distant  from  one  another  to  the  extent  of  the  difference  of 
both  principal  focal  distances  from  the  principal  points.  (In  the  case  of  a  simple 
refractive  surface,  there  is  but  a  single  nodal  point,  §  2.)  As  the  two  nodal 
points  are  conjugate  points,  each  ray,  which  after  the  first  refraction  is  directed 
towards  Kj,  e.g.  SjKj,  i.e.  each  m-ca^^edi  principal  ray,  must  after  the  second  re- 
fraction pass  through  Kj,  and  must  be  parallel  to  b^Kj,  therefore  fall  on  a^^n, 
because  it  has  yet  to  satisfy  the  other  condition,  i.e.  to  cut  the  second  principal 
plane  at  the  point  Gj,  which  corresponds  to  Gj  (see  §  18).  It  may  be  easily  seen 
that,  in  the  construction  of  the  image  of  instead  of  one  of  the  two  rays  SjCj 
or  SjDj,  the  ray  SjKj  might  also  be  employed.  (The  two  nodal  points  are  hence 
axial  points  possessed  of  the  following  characters :  each  ray  which  before  refrac- 
tion is  dii'ected  to  the  first  point,  passes  after  refraction  through  the  second,  in 
a  dii'ection  parallel  to  that  of  incidence.  From  this  property,  the  position  of 
the  nodal  points  may  be  directly  determined.) 

20.  If  to  the  previously  considered  system,  composed  of  two  refracting  sur- 
faces, we  add  yet  a  thii-d  refracting  surface,  or  a  second  system  composed  of  two 
refracting  surfaces,  the  same  simplification  may  as  before  be  admitted,  as  long 
as  all  the  refracting  sui-faces  have  a  common  a.tis  (are  concentric),  i.e.  as  long  as 
their  centres  of  curvature  lie  in  the  same  straight  line  (which  could  naturally 
only  be  constantly  the  case  with  two  surfaces)  ;  for  only  under  these  cii'cum- 
stances  will  a  homocentric  bundle  of  rays,  falling  upon  each  succeeding  surface, 
make  so  small  an  angle  with  the  axis  as  to  continue  homocentric.  It  is  always 
possible  then  to  give,  in  the  case  of  the  whole  system,  the  situation  of  the  c«?-- 
dinal  points,  which  serve  in  the  construction  of  the  image,  and  which  are,  viz., 
the  two  principal  points,  the  two  focal  j)oints,  and  the  two  nodal  points. 

If  the  focal  distances  of  two  systems  have  been  found,  and  the  distance  of 
their  principal  planes  known,  the  cardinal  points  of  the  resulting  system  can 
always  be  found  by  means  of  equations  19-24  and  28. 

In  order  to  find  the  cardinal  points  for  the  compound  system 
of  the  eye,  the  focal  distances  of  each  single  refracting  surface 
must  be  ascertained.  Equations  (8)  and  (9)  or  (8)  and  (11)  are 
employed  with  this  object. 

1.  Anterior  surface  of  the  cornea:  r=8™™,  w=l.  n=  . 

17 

Therefore  /,  =  23-692'"", /2  =  31-692. 

i  no  1  /» 

2.  Anterior  surface  of  the  lens:  r=10,  m=  —  ,  n  =  — 

77  11* 

Therefore  f^  =  11 4-444, =  124-444. 

3.  Posterior  surface  of  the  lens:  r~  —  Q.  m=  ^.n— 

11'  TT' 

Therefore /i  =  74-667, =  68  667. 
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If  2  and  3  be  now  combined  so  as  to  form  one  (optical)  system, 
i.e.  if  the  cardinal  points  of  the  lens  surrounded  by  the  fluids  of 
the  eye  be  wanted,  e  =  4">'",  /i  =  1 14-44,     =  124-44,     =  74-667, 
=  68-667.  Therefore 

the  first  principal  point  of  the  lens  is  situated  behind  the 
anterior  surface  of  the  lens  (according  to  19)  by  about 

—  ttj  =  2-346"'°  ; 

the  second  principal  point  of  the  lens  is  situated  in  front  of 
the  posterior  surface  of  the  lens  (according  to  20)  about 

—  62  =  1-408'"'°; 

the  two  focal  distances  of  the  lens,  which  according  to  26,  in 
consequence  of  the  indices  of  refraction  of  the  aqueous 
and  vitreous  humour  being  equal,  are  equal,  are  (accord- 
ing to  23  or  24)  ¥^  =  ¥^  =  43-797'"'". 

If  now,  finally,  the  cornea  is  combined  with  the  lens  as  in 
the  complete  system  of  the  eye,  we  have  in  this  com- 
bination : 

/i  =  23-692, /2  =  31-692,  gr,  =  43-797, 
g^  =  43-797,  e  =  4  +  2-346  =  6-346''''". 

In  the  case  of  the  eye  as  a  whole 

the  first  principal  point  is  situated  (according  to  19)  at  —  a, 
_  2-i74nim  behind  the  convexity  of  the  cornea; 

the  second  principal  point  is  situated  (according  to  20)  at 

—  h^  =  4-020'"'"  in  front  of  the  second  principal  point 
of  the  lens,  therefore  4-020  +  1-408  =  5-428'"'"  in  front 
of  the  posterior  surface  of  the  lens,  or  2-572"""  behind 
the  convexity  of  the  cornea  ; 

the  two  principal  points  are  therefore  distant  from  one  another  by 
0-398"'°'. 

The  first  principal  focal  distance  is  (by  23)  Fj  =  15-007°"", 
the  first  focal  point  is  situated  therefore  12-833°'™  in 
front  of  the  convexity  of  the  cornea  ; 
the  second  principal  focal  distance  is  (by  24)  Fj  =  20-074°'°', 
the  second  focal  point  is  situated  therefore  22-646°'°' 
behind  the  convexity  of  the  cornea. 
As  the  distance  of  the  nodal  points  from  the  principal  points 
=     -  Fi  =  5-067 

the  first  nodal  point  is  situated  7-241°'°'  behind  the  convexity 

of  the  cornea,  and 
the  second  nodal  point  is  situated  7-639"'°'  tehind  the  con- 
vexity of  the  cornea. 
The  two  principal  points  are  therefore  0-398°'°'  from  one 


CARDINAL  POINTS  OF  THE  EYE. 


885 


another,  about  the  middle  of  the  anterior  chamber  of  the  eye ;  the 
two  nodal  points  lie  similarly  0-398°*'"  from  one  another,  in  the 
posterior  part  of  the  lens,  the  second  focal  point  being  either  close 
to  or  in  the  retina. 

Fig.  44  exhibits  the  schematic  eye  with  its  cardinal  points. 

The  distance  between  the  two  nodal  points  is  so  small  that  in 
di-awings  intended  for  purposes  of  demonstration  they  may,  with- 
out introducing  any  great  error,  be  united  at  K ;  similarly,  the 
principal  rays  may  be  simply  represented  by  straight  lines.  (Like- 
wise the  two  principal  planes  may  be  imagined  united  in  the 
spherical  surface  hh,  which  therefore  represents  the  refracting 
surface  of  the  eye.)  If  we  suppose  that  all  points  in  the  image 
lie  on  the  retina  (on  this  subject  refer  to  what  is  said  on  Accom- 
modation)^ we  can  for  every  point  in  the  object  easily  find  the 


corresponding  point  in  the  image,  by  drawing  from  the  former  a 
straight  line  passing  through  the  nodal  point  and  falling  upon  the 
retina. 

Such  straight  lines  {e.g.  o  b  in  fig.  44)  are  called  lines  of 
direction  or  visual  rays,  and  the  combined  nodal  points  (k)  are  in- 
cluded under  the  terms  point  of  intersection  of  lines  of  direction; 
the  angle  which  two  visual  rays  make  with  one  another  is  called 
the  visual  angle.  If  it  be  desired  to  ascertain  the  direction  in 
which  lies  the  point  of  an  object  which  corresponds  to  any  point 
in  an  image,  it  is  only  necessary  to  draw  a  straight  line  (a  visual 
ray)  from  the  point  on  the  image  through  the  combined  nodal 
points,  and  to  prolong  it  outwards. 


Fig.  44. 


Appendix  on  the  Action  of  Lenses. 


In  the  case  of  a  lens  which  is  bounded  on  both  sides  by  atmospheric  air,  the 
two  principal  focal  distances  are  (according  to  equation  26)  equal :  by  (28),  in 
consequence  of  this,  the  nodal  points  coincide  with  the  principal  points. 
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In  order  to  find  the  value  of  the  focal  distance,  let  the  two  radii  of  curvature 
ot  a  biconvex  lens  be  r,  and  let  n  be  the  index  of  refraction  (the  index  of 
retraction  ot  the  atmosphere  being  1)  ;  then  the  four  focal  distances  of  the  two 
surfaces  are  by  8  and  9 : 

It  follows  from  (23)  or  (24),  that  if  the  thickness  of  the  lens,  e,  be  ne-^- 
lected,  '  ° 


-l=(n-l)(Ui) 


(29) 


_  If  one  of  the  surfaces  be  concave,  its  radius  must  be  considered  to  be  nega- 
tive. Biconcave  and  concavo-convex  lenses  (in  which  the  concave  surface  has 
the  smaller  radius)  have,  therefore,  negative  focal  distances. 

If  two  lenses,  having  the  focal  distances  /and  g,  be  placed  so  close  one  be- 
hind the  other  that  the  distance  between  them,  e,  may  be  neglected,  it  follows 
from  (23),  f  being  the  focal  distance  of  the  combination,  that 

F  =  or  i  =  2  +  i:  (30^ 

Similarly,  for  a  combination  of  several  lenses  in  proximity, 



Let  a,  be  the  distance  of  an  object  from  a  lens,  its  size, /the  focal  distance, 
and  cTj  and  Ir^  the  distance  and  size  of  the  image,  it  follows  from  (16), 

~+-  =  j   (32) 

«1         '^2  / 

further  from  (14), 

'i-'-°7  (83) 

From  the  above  the  characters  of  the  image  formed  by  each  kind  of  lens 
may  be  ascertained ;  the  most  important  are  given  below .  and  Z,  are  always 
assumed  to  be  positive. 

I.  Convex  lenses  (/  being  positive). 

1.  flj     positive,  i.e.  the  images  are  real,  when  ffj  >/; 

«2  is  negative,  i.e.  the  images  are  virtual,  when  ctj  <  /. 

2.  ^2  is  negative,  i.e.  the  images  are  inverted,  when  a■^  >f; 

is  positive,  i.e.  the  images  are  erect,  when     <  f. 

3.  ^2  <  /j,  i.e.  the  images  are  diminished,  when  «j  >  2/; 
I2  =  —  li,  when  flj  =  2/; 

h  >  images  are  enlarged,  when  etj  <  2/ 

Hence  a  convex  lens  gives,  when  «,  >  2/",  real,  inverted,  diminished  images 
(object-glasses  of  telescopes,  opera-glasses,  and  cameras  obscurae) ;  when  2/"  > 
>/,  the  images  are  real,  inverted,  and  magnified  (solar  microscope,  object- 
glass  of  the  compound  microscope)  ;  lastly,  when  <  /  the  images  are  virtual, 
erect,  and  magnified  (simple  magnifying  glass,  eye-piece  of  astronomical  tele- 
scopes and  of  compound  microscope). 

II.  Concave  lenses  (/negative). 

1 .  a^\B  always  negative, 

2.  ^2  is  always  positive, 

3.  /a  is  always  <  l^. 

Concave  lenses  always  furnish  virtual,  erect,  and  diminished  images  of  objects. 

If  a  convex  lens  be  so  placed  that  it  furnishes  a  real,  inverted  image  of  an 
object,  and  if  a  second  lens  be  placed  in  the  path  of  the  refracted  rays,  before 
they  have  united  to  form  the  image,  the  rays  form  the  object  for  the  second 
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lens ;  tlie  distance  of  the  former  from  tlie  latter,  a^,  ]s,  however,  to  he  conaidered 
as  negative. 

The  action  of  the  lens  thus  interposed  is  as  follovrs : — 

I.  AVhen  the  interposed  lenses  are  convex  (/  is  positive).  For  every  nega- 
tive value  of  «i,  «2  hecomes  positive,  <  -  haa  the  same  sign  as,  hut  is 
less  than  l^,  i.e.  the  interposed  convex  lens  fm-nishes  a  real  inverted  image,  hut 
hrings  it  closer  to  the  first  lens  and  diminishes  its  size.  The  collecting  lens  of 
the  compound  microscope  exerts  this  action. 

II.  When  the  interposed  lenses  are  concave  (/is  negative). 

1.  flj  is  positive  when  —a^<f,  and  negative  when  —a^>f. 

2.  has  the  opposite  sign  to     when  —  «j  </,  and  the  same  sign  when 

-  «i  >/• 

3.  ^2  <  ^1  when  —     >  2/;  1^  =  li  when  —      =  2/;      >  h)  when 

-  «i  <  2/ 

When  a  concave  lens  is  interposed  hetween  a  convex  lens  and  a  real  image, 
the  latter  continues  to  he  real  and  inverted,  providing  that  the  lens  is  situated 
at  a  distance  from  the  image  less  than  its  focal  distance  ;.  on  the  contrary,  the 
image  hecomes  virtual  and  erect  if  the  concave  lens  is  more  than  its  focal  dis- 
tance from  the  image  formed  hy  the  fii'st  lens ;  the  eye-piece  lens  of  opera-glassses 
has  this  property.  It  does  not  alter  the  size  of  the  image^  if  it  be  at  a  distance 
from  the  ohject  equal  to  twice  its  focal  lengths 

On  the  Images  formed  an  the  Retina  luhen  the  Eye  is  passive. 

When  luminous  rays  proceeding  from  any  object  fall  into  the 
eye,  a  definite  point  in  the  image  corresponds  to  every  point  in 
the  object.  All  the  points  of  the  image  together  furnish  an  image 
which  corresponds  to  the  object;  the  image  is,  naturally,  an  in- 
verted one.  In  order  to  be  distinctly  perceived,  this  image  must 
fall  exactly  upon  the  surface  of  the  retina.  It  is  evident  that  for 
any  given  eye  remaining  perfectly  passive,  there  can  be  only  a 
single  surface,  the  image  of  which  can  fall  exactly  on  the  retina. 
The  form  and  the  distance  of  this  surface  may  be  determined  from 
the  optical  values  of  the  eye.  Each  point  of  the  object  which  does 
not  lie  in  this  svuface  has  its  corresponding  point  in  the  image 
lying,  not  in  the  retina,  but  in  a  plane  before  or  behind  it.  In 
both  cases  the  retina  cuts  the  pencil  of  refracted  rays  proceeding 
from  the  object,  in  the  first  ease  after,  in  the  second  before,  they 
have  united  to  form  points  in  the  image ;  in  both  cases,  instead  of 
a  luminous  point  being  formed  on  the  retina,  there  '  is  a  cii'cle  of 
diffused  light,'  i.e.  a  small  circular  area  is  lighted  up :  this  corre- 
sponds to  a  section  through  the  luminous  cone. 

In  fig.  45,  B  represents  the  point  of  the  image  of  the  object 
0,  which  falls  upon  the  retina  r  r.  If,  however,  the  retina  lies 
in  front  of  the  point  in  the  image  (viz.  at  r'  or  behind  it 
{e.g.  at  r"  r"),  circles  of  diffused  light  are  formed,  which  have 
the  diameters  at  a'  b'  or  a"  h". 

Hence  it  follows  that,  strictly,  an  immovable  eye  can  onlv 
distinctly  see  objects  lying  in  one  plane,  and  at  a  perfectly  defi- 
nite distance.    All  objects  or  portions  of  objects  which  lie  outside 
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the  plane,  furnish  indistinct,  blurred,  images,  in  which  circles  of 
diffusion  instead  of  points  correspond  to  the  luminous  points,  of 
the  object. 

The  size  of  tlie  circle  of  diffusion  depends,  ccsterts  parihiLS,  upon  the  dimen- 
sion of  the  cone  of  luminous  rays  which  reaches  the  eye,  and  this  again  depends 
upon  the  width  of  the  pupil,  the  inner  border  of  which  limits  the  luminous 
cone.  K,  therefore,  the  pupil  contracts,  or  if  it  be  replaced  by  a  small  aperture 
placed  in  front  of  the  eye,  as  e.g.  by  a  hole  made  in  a  cai-d,  then  the  circles  of 


Fig.  45. 
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diffused  light  will,  cceteris  paribus,  become  smaller,  and  consequently  the 
image  will  be  sharper.  In  fig.  45,  if  c  d  represents  the  aperture  of  the  con- 
tracted pupil,  it  can  be  easily  seen  how  the  contraction  diminishes  the  diameters 
of  the  circles  of  diffusion  to  c' d'  and  c"  d"  respectively. 

If  the  pupil  be  replaced  bj"^  two  gmall  openings,  if,  e.g.,  a  card  which  has 
been  perforated  in  two  places  by  a  pin,  be  placed  m  front  of  the  eye,  the  dis- 
tance between  the  perforations  being  smaller  than  the  diameter  of  the  pupil, 
two  smaller  luminous  cones  are  as  it  were  cut  out  of  the  larger  one,  and 
instead  of  one  '  circle  of  diffusion  '  being  formed  upon  the  retina,  there  are  two 
.smaller. 

In  fig.  46,  let  e  and/ be  the  holes  in  the  card  which  replace  the  pupil;  the 

Fig.  46. 
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two  luminous  cones  reunite  at  b  ;  the  retina,  if  it  is  not  situated  in  the  plane 
r  r,  but  in  two  planes,  r'     or  receives,  instead  of  the  luminous  pomt  b, 

two  circles  of  diffused  light,  e'  and  /  or  e"  and/'  respectively. 

All  objects  which  are  so  placed  in  reference  to  the  eye,  as  to  throw  a 
diffused  image  upon  the  retina,  would  in  the  case  just  considered  throw  two 
diffused  images,  and  therefore  be  seen  double  (Scheiner's  experunent). 

Accomnnodation. 

Daily  experience,  however,  teaches  us  that  a  normal  eye  is 
capable  of  seeing  objects  distinctly  which  are  placed  at  almost  any 
distance;  there  must  therefore  exist  an  arrangement  capable  of 
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altering  the  eye,  and  dependent  upon  the  will.  The  changes  in 
the  eye  which  occur  as  a  result  of  this  arrangement  are  included 
under  the  term  accommodation.  It  is  not  known  with  certainty 
for  what  distance  the  eye  is  adjusted  when  it  is  not  actively 
accommodated.  It  was  formerly  supposed  that  the  eye  when  at 
rest  was  accommodated  for  a  medium  distance,  and  accommoda- 
tion was  therefore  supposed  to  occur  in  two  directions,  in  one 
direction  for  near  objects  (positive  accommodation),  and  in 
another  for  distant  objects  (negative  accommodation).  Now, 
however,  it  is  almost  universally  supposed  that  the  normal  eye 
when  at  rest  is  adjusted  for  infinite  distances,  i.e.  that  the  focal 
point  of  the  normal  passive  eye  lies  on  the  retina.  It  follows  from 
this  that  accommodation  only  occm's  in  one  direction,  i.e.  for  near 
objects. 

The  principal  grounds  upon  whicli  this  view  is  hased  are :  1.  When  the  eye- 
lids which  have  heen  long  closed  are  suddenly  opened,  the  eye  is  found  to  he 
adjusted  for  distant  objects  (Volkmann).  2.  The  vision  of  distant  objects, 
unlike  the  vision  of  near  objects,  is  not  accompanied  by  a  feeling  of  exertion. 
3.  Atropia,  which  paralyses  the  apparatus  concerned  in  accommodation,  causes 
an  imchangeable  adjustment  for  objects  which  are  as  distant  as  possible  from 
the  eye ;  if  a  negative  apparatus  for  accommodation  did  exist,  one  would  have 
to  make  the  improbable  assumption  that  under  these  circumstances  it  was 
thrown  into. a  state  of  tetanic  activity  at  the  same  time  that  paralysis  of  posi- 
tive accommodation  occurred  (Bonders).  4.  Even  in  cases  of  neurotic  paralysis 
of  the  apparatus  of  accommodation  (as  when  the  third  nerve  is  paralysed)  the 
eye  is  always  accommodated  for  infinite  distance,  whilst  no  paralytic  condition 
is  known  in  which  the  eye  is  accommodated  for  near  objects. 

Accommodation  might  depend  upon  the  following  changes 
occurring  in  the  eye.  1.  Changes  in  the  indices  of  refraction  of 
the  media  of  the  eye.  •  2.  Displacement  of  the  surface  of  projec- 
tion (retina),  analogous  to  the  artificial  accommodation  in  the 
camera  ohscura.  3.  Alterations  in  the  forms  of  the  refracting 
surfaces.  It  is  self-evident  that  the  first  changes  do  not  occiu. 
A  displacement  of  the  retina  in  the  direction  of  the  optic  axis 
would  be  possible  by  a  lateral  compression  of  the  eyeball  brought 
about  by  the  recti  muscles  of  the  eye  ;  this  influence,  which  was 
formerly  assumed  in  order  to  explain  accommodation,  must  be 
unimportant,  seeing  that  even  in  eyes  which  have  been  cut  out  of 
the  body  changes  of  accommodation  can  be  occasioned.  Changes 
in  the  form  of  the  refracting  surfaces  must,  therefore,  be  possible. 
These  have  actually  been  discovered,  and  they  have  been  found  to 
occur  in  the  crystalline  lens. 

When  the  eye  is  accommodated  for  near  objects,  the  anterior 
surface  of  the  lens  becomes  more  strongly  curved,  and  approaches 
closer  to  the  cornea ;  this  is  especially  the  case  with  that  portion 
which  is  not  covered  by  the  iris,  and  which  arches  forwards  through 
the  pupil  (Cramer). 
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These  clianges  are  proved  by  the  following  experiment : — 
If  a  lighted  candle  be  placed  at  one  side  of  the  eye,  and  if  one  looks  into 
the  ej'e  from  the  other  side,  three  distinct  little  images  of  the  flame  are  seen, 
which  are  due  to  reflexion  from  the  retracting  sm' faces  of  the  eye:  the  first, 
erect  (virtual),  is  formed  by  the  anterior  surface  of  the  cornea;  the  secocd, 
which  is  also  erect,  but  much  weaker,  is  formed  by  the  anterior  surface  of  the 
lens;  the  third  is  brilliant,  inverted  (real),  and  is  formed  by  the  posterior  sur- 
face of  the  lens.  If  the  eye  now  looks  fixedly  at  an  object  close  to  it,  the  second 
image  becomes  perceptibly  smaller,  and  approaches  somewhat  the  first  image, 
affbrdino-  a  proof  that  the  anterior  surface  of  the  lens  becomes  more  strongly 
convex  and  moves  forwards. 

Changes  of  an  opposite  character  occur  when  the  eye  stares  into  infinite  dis- 
tance (Purkinje  and  Sanson's  experiment,  Cramer).  Instead  of  a  flame,  it  is 
more  convenient  to  apply  one  or  two  luminous  points  (holes  in  a  screen)  ;  the 
distance  between  the  reflected  images  of  these  points  can  then  more  easily  be 
measured  by  means  of  the  ophthalometer  than  the  size  of  the  image  of  a  flame 
(Helmholtz). 

The  protrusion  of  the  iris,  which  is  brought  about  by  an  increase  in  the 
curvature  of  the  anterior  surface  of  the  lens,  may  be  shown  in  the  following 
way:  the  caustic  line  (due  to  refraction  through  the  corneal  surface),  which 
shows  itself  upon  the  opposite  half  of  the  iris  when  the  eye  is  lighted  from  the 
side,  changes  when  the  eye  is  accommodated  for  near  objects  then  approaching 
the  margin  (Helmholtz). 

The  following  table  (Helmholtz)  exhibits  the  changes  in  the  optical  con- 
stants of  the  eye  which  occur  during  accommodation  ;  the  places  are  calculated 
i'rom  the  convexity  of  the  cornea,  and  are  reckoned  from  behind  as  positive, 
from  the  front  as  negative.  The  numbers  for  the  condition  of  rest  have  been 
given  at  pages  376  and  384,  slightly  modified  from  those  given  by  Listing  for 
the  typical  eye. 


Radius  of  .  curvature  of  the  cornea 

„  „     anterior  surface 

of  the  lens 

„  „  „     posterior  surface 

of  the  lens 

Position  of  anterior  surface  of  the  lens  . 
posterior  „  „ 
first    principal  point  . 
second  „ 
first  nodal 
second  „ 
first  focal 
second  „ 
focal  distance  . 
Second  „  ,, 


First 


Eye  at  rest : 
adjusted  for 
distant  view 


8 
10 

6 

3-6 
7-2 

1-  9403 

2-  3563 
6-957 
7373 

■12-918 
22-231 
14-858 
19-875 


Eye  accommo- 
dated :  adjusted 
for  near  view 


8 
6 

6-  5 

3-2 

7-  2 

2  0330 
2-4919 
6-515 
6-974 
-11-241 
20-248 
13-274 
17-756 


Accommodation  is  chiefly  effected  by  the  ciliary  muscle  (M. 
ciliaris,  M.  tensor  choroidete,  Briicke's  muscle).  This  muscle  is 
composed  of  both  radiating  and  circular  fibres.  The  first,  which 
constitute  the  chief  part  of  tlie  muscle,  arise  from  the  point  of 
reflexion  of  tlie  membrane  of  Descemet,  where  it  passes  from  the 
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cornea  to  the  iris  (lig.  iridis  pectinatum),  and  are  inserted  into 
the  ciliary  processes  of  the  choroid  ;  the  unimportant  circular 
fibres,  which  are  situated  on  the  inner  side  of  the  radiating  fibres 
in  the  most  anterior  part  of  these  muscles,  surround  the  border  of 
the  crystalline  lens.  The  radiating  fibres  pull  forwards  the  anterior 
border  of  the  choroid  coat,  and  so  draw  the  choroid  and  the  retina 
together  like  a  bag,  around  the  vitreous  body  (whereby  the  latter 
presses  the  lens  forwards).  The  zonule  of  Zinn,  the  tension  of 
which  during  the  state  of  rest  draws  the  border  of  the  lens  back- 
wards and  outwards,  and  thus  flattens  the  lens,  becomes  relaxed 
owing  to  its  posterior  insertion  being  approximated  to  its  anterior 
(the  border  of  the  lens),  and  thus  causes  the  lens  to  become  thicker 
(less  flat).  (Helmholtz.) 

The  cii-cular  fibres  appear  to  co-operate  by  drawing  the  ciliary 
processes  inwards,  and  thus  leading  to  a  relaxation  of  the  zonule  of 
Zinn  (F.  E.  Schulze). 

The  iris  also  takes  a  part  in  the  accommodation  of  the  eye  for 
near  vision.  On  the  one  hand,  the  part  which  it  plays  is  passive, 
in  that  it  assumes  a  more  arched  form  merely  as  a  result  of  the 
greater  convexity  of  the  anterior  surface  of  the  lens,  for  the  border 
of  the  pupil  lies  immediately  in  contact  with  the  capsule  of  the 
lens  ; '  on  the  other  hand,  it  plays  an  active  part,  by  the  contrac- 
tion of  the  pupils.  (For  the  movements  of  the  iris  see  below.) 
The  contraction  of  the  pupil  does  not  appear  to  be  indispensable  to 
accommodation,  seeing  that  the  latter  is  possible  when  the  iris  is 
wanting  or  imperfect.  Its  significance  in  accommodation  is  pro- 
bably to  be  sought  for  in  the  fact  that  when  a  lens  becomes  more 
convex  its  spherical  aberration  increases,  and  consequently  a 
greater  number  of  the  marginal  rays  require  to  be  screened  off. 
The  independence  of  contraction  of  the  pupil  and  accommodation 
is  also  proved  by  the  fact  that  the  latter  precedes  the  former 
(Bonders). 

The  nerve  fibres  which  are  concerned  in  accommodation  are 
contained  in  the  ciliary  nerves  ;  when  these  are  irritated  the  eye  is 
accommodated  for  near  vision  (Volckers  and  Hensen).  It  is  in  the 
highest  degree  probable  that  these  fibres  are  derived  from  the  third 
nerve  (motor  oculi). 

Fig.  47  exhibits  a  section  of  the  anterior  segment  of  the  eye ;  on  the  left-hand 
side  the  line  is  shown  adjusted  for  distant  vision,  on  the  right  for  near  vision 
(after  Helmholtz). 

Concordant  data  are  yet  wanting  concerning  the  rate  at  which  the  act  of 
accommodation  proceeds ;  the  rate  is,  however,  tolerably  slow.  The  change 
i'rom  the  state  of  activity  to  that  of  rest  occurs  more  rapidly  than  the  revei-ae 
(Hensen  and  Volckers). 


1  The  proof  of  this  statement  is  afforded  by  the  fact  that  no  shadow  of  the  iris  falls 
upon  the  lens  (Helmholtz)  ;  nevertheless  only  the  margins  of  the  iris  are  in  contact  with 
tiie  lens,  for  between  the  other  parts  of  the  iris  and  the  lens  there  exists  a  posterior 
chamber  filled  with  fluid  (Hensen  and  Volckers). 
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RANGE  OF  ACCOMMODATION. 


There  appears  to  exist  a  yet  imperfectly  investigated  central  connexion 
between  the  nerves  which  are  concerned  in  accommodation,  and  those  which 
supply  the  iris  and  the  external  muscles  of  the  eyeball.  In  favour  of  such  a  con- 
nexion the  following  facts  may  he  cited  :— 1.  The  behaviour  of  the  pupil  in  ac- 
commodation (see  above) .  2.  Rotation  of  the  eyeball  inwards  is  associated  with 
contraction  of  the  pupil  and  involuntary  accommodation  for  near  vision  (Czermak). 
3.  Atropia,  which  dilates  the  pupil,  paralyses  at  the  same  time,  as  has  been 
already  stated,  the  accommodating  mechanism  ;  conversely  Calabar  bean  occa- 
sions contraction  of  the  pupil  and  tetanic  accommodation  for  near  view. 


Fig.  47. 
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s  s,  canal  of  Schlemm  ;  aahb,  the  folds  of  the  zonule  of  Zinn,  which  are  intercalated 
between  the  ciliary  processes  ;  the  latter  are  partly  hidden  and  covered  hy  the 
former  (the  section  is  so  arranged  that  a  fold  of  the  zonule  lies  in  front  of  the  ciliary 
process).    The  radiating  fibres  of  the  ciliary  muscle  are  seen  springing  from  s. 


According  to  some  writers,  the  movements  of  accommodation 
always  follow  a  parallel  course  in  the  two  eyes ;  others  dispute  this 
statement. 

For  every  eye  there  are  definite  limits  of  clear  vision  ;  the 
furthest  point,  the  image  of  which  can  fall  exactly  upon  the  retina, 
is  called  the  far-jpoint '  (punctum  remotum)  ;  the  nearest  point 
is  called  the  '  near-point ; '  the  distance  between  them  is  called 
the  region  of  distinct  vision.  In  the  case  of  normal  eyes  the  '  far- 
point  '  is  infinitely  distant ;  the  '  near-point,'  which  is  nearer  the 
eye  the  more  active  the  apparatus  of  accommodation,  is  at  a  dis- 
tance of  between  0*2  to  0"3  metre  from  the  eye. 

In  many  eyes  which  are  otherwise  normal,  the  focus  during 
rest  does  riot,  as  usual  (in  the  Emmetropic  eye),  fall  upon  the 
retina,  bat  in  consequence  of  an  abnormal  length  or  shortness  of 
the  optic  axis,  it  either  falls  in  front  of  the  retina  {Myopia)  or 
behind  it  {Hypermetropia).  The  distant  point  of  myopic  eyes 
therefore  lies  abnormally  near,  the  distant  point  of  hypermetropic 
eyes,  on  the  contrary,  is  more  than  infinitely  distant — i.e.  in  order 
to  perceive  objects  which  are  at  an  infinite  distance  the  hyper- 
metropic eye  must  perform  movements  of  accommodation.  The 
activity  of  the  accommodating  mechanism  being  the  same,  the 
near  point  of  the  myopic  eye  must  be  abnormally  near,  that  of 
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the  hypermetropic  eye  must  be  abnormally  distant.  Hence  myopic 
eyes  are  'short-sighted,'  and  hypermetropic  eyes  'long-sighted.' 
Other  abnormalities  depend  upon  a  small  degree  of  activity  of  the 
accommodating  mechanism ;  these  naturally  only  exert  an  in- 
fluence upon  the  situation  of  the  point  of  near  sight,  not  upon 
that  of  distant  vision. 

The  defective  or  excessive  refraction  of  abnormal  eyes — i.e.  the  relatively 
too  gi-eat  or  too  small  curvatui'e  of  their  lens,  can  be  corrected  by  glasses  (spec- 
tacles) ;  these  must  naturally,  in  the  first  case  (in  Myopia),  be  concave  ;  in  the 
second  (in  Hypermetropia)  be  convex. 

Even  deficiency  in  the  power  of  accommodation  may  be  corrected  by  arti- 
ficial accommodation,  by  means  of  the  temporary  use  of  spectacles.  The  sim- 
plest method  of  determining  the  situation  of  the  near  and  distant  point  is  by 
ascertaining  at  what  distances  the  eye  can  readily  recognise  distinctly  an  object 
which  is  brought  near  to  or  which  is  removed  from  it,  as,  e.g.  at  what  distance 
letters  can  be  read.  This  method  is,  nevertheless,  inexact,  because  the  diminu- 
tion of  the  visual  angle  by  distance  makes  the  object  less  easily  recognisable. 
A  much  better  method  consists  in  determining  at  what  distance  an  object  throws 
a  clear,  and  at  what  distance  a  diffused,  image  on  the  retina.  For  this  purpose 
Scheiner's  experiment  (p.  388)  affords  the  best  means  of  investigation.  If  an 
object  {e.g.  a  pin's  head)  be  looked  at  through  two  holes  in  a  card  placed  close 
to  one  another,  it  appears  single  if  the  eye  be  accurately  adjusted,  but  under 
opposite  circumstances  it  appears  double.  If  the  object  be  brought  closer  to 
the  eye,  or,  on  the  contrary,  removed  from  it,  the  space  in  which  it  is  clearly 
seen  is  the  field  of  distinct  vision.  On  this  property  are  based  various  appara- 
tuses which  are  used  in  selecting  spectacle-glasses — so-called  '  oj^tometers.'  In 
the  best-known  optometer  (Stampfer's)  the  object  is  an  illuminated  slit,  the 
distance  of  which  from  the  eye  can  be  altered  and  measured  at  the  same  time. 
As  age  increases,  even  after  the  fifteenth  year  (MacGillavi-y),  the  capability  of 
accommodating  for  near  objects  diminishes,  presumably  in  consequence  of  an 
induration  of  the  lens  (Bonders). 


Iris  and  Pupil. 

The  iris  with  its  central  aperture,  the  pupil,  serves  at  once  as 
a  diaphragm  to  shut  off  the  marginal  rays  (being  thus  analogous 
to  the  diajjhragms  of  optical  instruments),  as  well  as  to  regulate 
the  amount  of  light  entering  the  eye,  and  as  an  auxiliary  to 
accommodation.  The  size  of  the  pupil  depends  upon  the  state  of 
contraction  of  the  two  antagonistic  sets  of  muscular  fibres  in  the 
iris,  the  sphincter  and  dilator  fibres  of  the  pupil.  The  first  form 
a  circular  layer  around  the  pupil,  the  second  have  a  radiate 
arrangement ;  the  first  derive  their  nervous  supply  from  the  motor 
oculi,  the  second  from  the  sympathetic.  If  both  sets  of  fibres  or 
their  nerves  are  subjected  to  the  same  stimulus,  the  sphincter 
fibres  predominate  and  the  pupil  contracts.  Usually  both  nerves 
are  in  a  certain  state  of  excitation  (tonus),  for  when  one  is  cut 
through,  the  muscle  governed  by  the  other  predominates.  If  the 
cervical  sympathetic  be  divided  the  pupil  contracts ;  if  the  third 
nerve  be  divided  it  dilates. 
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Recently  tlie  existence  of  a  dilator  of  the  pupil  has  heen  denied  in  mammals 
(Griiuhagen,  Hampeln).  The  older  view  is  supported  by  nearly  all  the  state- 
ments of  anatomists  (lately  Henle,  Merkel,  Dogiel  and  v.  Hiittenbrenner) ;  by 
the  dilatation  of  the  pupil  when  the  sympathetic  is  irritated  (those  who  deny 
the  existence  of  dilating  fibres  maintain  that  this  dilatation  is  a  vaso-motoV 
effect)  ;  and,  lastly,  by  the  circumstance  that  direct  excitation  of  the  border  of 
the  iris  is  able  to  cause  local  circumscribed  dilatation  (Bernstein  and  Dogiel, 
Engelhardt). 

The  fibres  of  the  motor  oculi  which  cause  contraction  of  the 
pupil  pass  to  the  eye  through  the  ciliai^  ganglion ;  this  is,  how- 
ever, not  the  case  with  the  fibres  of  the  sympathetic  which  cause 
dilatation  of  the  pupil.  The  latter  take  their  origin  first  of  all  in 
the  spinal  cord,  in  the  neighbourhood  of  the  lower  cervical  and 
superior  dorsal  vertebrae  (cilio-spinal  centre  of  Budge).  In  patho- 
logical conditions,  when  this  region  is  irritated,  the  pupil  dilates. 
The  real  centre  for  these  fibres  is,  however,  situated  in  the  higher 
regions  of  the  cord,  presumably  in  the  medulla  oblongata  (Schiff). 

In  the  head,  the  fibres  which  dilate  the  pupil  run  in  the  course  of  the  fifth, 
the  irritation  of  which  occasions  dilatation,  and  the  section  of  which  prevents 
the  effect  which  follows  irritation  of  the  sympathetic. 

Seeing,  however,  that  after  division  of  the  sympathetic  the  pupil  does  not 
contract  so  powerfully  as  after  the  division  of  the  fifth,  we  must  conclude  that 
the  fifth  contains  special  fibres  capable  of  dilating  the  pupil.  The  origin  of 
these  fibres  can,  in  frogs,  be  traced  to  the  Gasserian  ganglion  (Oehl,  Rosenthal, 
Hirschmann,  S.  Guttmann).  There  exist,  however,  opposite  statements  con- 
cerning the  influence  of  the  fifth  pair  on  the  pupil  (Rogow). 

Movements  of  the  iris  occur  principally  under  the  following 
circumstances : 

1.  Irritation  of  the  optic  nerve  occasions  contraction  of  the 
pupil,  by  irritating  in  a  reflex  manner  the  motor  oculi.  The 
pupil  contracts,  therefore,  when  light  falls  into  the  eye,  and  the 
more  strongly  the  more  powerful  the  light.  In  this  way  the 
amount  of  light  which  reaches  the  retina  is  partly  regulated. 
Contraction  of  the  pupil  also  occurs  when  the  trunk  of  the  optic 
nerve  is  irritated  (Mayo),  and  ceases  after  division  of  the  motor 
oculi.  Irritation  of  one  optic  nerve  is  sufficient  to  cause  contrac- 
tion of  both  pupils.  Grenerally,  under  normal  circumstances,  both 
pupils  are  of  the  same  size  (Ponders). 

2.  When  the  eye  is  accommodated  for  near  vision  the  pupil 
contracts.  Poisons  which  occasion  tetanic  accommodation  for 
near  vision  (Calabar  bean)  also  cause  contraction.  This  contrac- 
tion is  caused  by  an  excitation  of  the  nerves  which  contract  the 
pupil,  and  is  to  be  looked  upon  as  a  kind  of  '  associated '  move- 
ment (Chap.  XI.) 

The  contraction  of  the  pupil  which  is  caused  by  light  commences,  on  an 
average,  about  0-49  sec.  (0-4  Listing)  after  the  irritation,  and  the  maximum 
efi'ect  (contraction)  occurs  0-58  sec.  after  the  irritation. 

The  contraction  connected  with  accommodation  begins  0-41  sec,  and  reaches 
its  maximum  1'13  sec.  after  the  cause  which  occasions  it.    The  dilatation  which 
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follows  irritation  of  the  sympathetic  commences  in  rahhits  0-89  sec,  and  reaches 
its  maximum  3'40  sec.  after  the  commencement  of  the  irritation  (Arlt,  jun.) 

3.  Rotation  of  the  eyeball  inwards  occasions  a  contraction 
of  the  pupil,  as  a  kind  of  '  associated  '  movement,  by  irritation  of 
the  motor  oculi. 

As  the  eyes  are  during  sleep  turned  inwards  and  upwards,  the 
contraction  of  the  pupils  which  is  observed  during  sleep  can  be 
explained. 

4.  During  dyspnoea  the  pupils  are  dilated;  this  dilatation 
ceases  when  asphyxia  sets  in.  This  dilatation  depends  upon  irri- 
tation of  the  centre  which  exists  in  the  cord  and  which  presides 
over  the  pupil,  for  it  does  not  occur  if  the  sympathetics  have  been 
previously  divided. 

5.  Poiverful  irritation  of  sensory  nerves  causes,  in  a  reflex 
manner,  dilatation  of  the  pupil  (Bernard,  Westphal). 

6.  Violent  muscular  efforts  (especially  powerful  inspiratory 

and  expiratory  movements)  are  associated  with  dilatation  of  the 

pupil  (Romain-Vigouroux). 

in  addition,  in  the  normal  state,  a  very  slight  alteration  of  the  pupil  is  ob- 
served to  occur  with  every  beat  of  the  pulse,  as  vs^ell  as  with  every  expiration  ; 
every  flow  of  blood  to  the  iris  appears  especially  to  occasion  a  contraction  of 
the  iris;  in  this  way  may  be  explained  the  contraction  of  the  pupil  which  follows 
withdrawal  of  the  aqueous  humour  (Hensen  and  Volckers). 

7.  Numerous  poisons,  either  when  introduced  into  the  blood 
or  topically  applied,  induce  changes  in  the  size  of  the  pupil. 
Atropia,  for  example,  dilates  the  pupil  by  causing  a  paralysis  of 
the  terminations  of  the  third  nerve  in  the  circular  fibres  of  the 
iris.  Mcotia,  physostigma,  morphia,  &c.,  cause  contraction  of  the 
pupil  (Myosis).  This  is  due,  according  to  some  (Hirschmann, 
Eosenthal),  to  a  paralysis  of  the  terminations  of  the  sympathetic 
in  the  dilating  (radiating)  fibres,  but,  according  to  others  (Grriin- 
hagen),  to  irritation  of  the  third  nerve.  Anaesthetic  poisons 
(chloroform,  alcohol,  &c.)  occasion  in  the  first  place  a  contraction, 
and  afterwards  a  dilatation  of  the  pupil. 

The  kind  of  action  which  these  poisons  exert  is  still  matter  for  controversy. 
Meanwhile  the  supposition  that  they  all  exert  an  action  upon  the  sphincter 
arrangement  of  the  iris  appears  the  most  probable,  seeing  that  the  poisons  under 
dispute  exert  a  simultaneous  and  corresponding  action  on  the  apparatus  engaged 
in  accommodation.  It  is  especially  a  matter  of  doubt  whether  the  poisons  which 
induce  contraction  (Myotics)  act  by  paralysing  the  sympathetic ;  in  support  of 
the  latter  view  it  is  stated  that  irritation  of  the  sympathetic  does  not  exert  any 
action  upon  the  pupil  of  animals  under  the  influence  of  such  poisons ;  this  result 
might  be  due  to  the  intensity  of  the  tetanic  contraction  of  the  sphincter  fibres. 

Further,  the  circumstance  that  the  action  of  atropia  manifests  itself  even 
after  division  of  the  ciliary  ganglion  (Hensen  and  Volckers),  and  that  the  action 
of  these  poisons  occurs  when  they  are  dropped  into  the  eye,  render  it  very  pro- 
bable that  yet  unknown  ganglionic  centres  exist  either  in  the  iris  itself,  or  in  its 
immediate  proximity  (v.  Bezold). 

When  one  pupil  is  dilated  by  atropia,  the  other  contracts  and  remains  con- 
tracted in  consequence  of  the  large  amount  of  light  which  falls  into  the  first 
eye. 
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Imperfections  of  the  Retinal  Image. 

From  what  has  been  stated  in  the  preceding  pages  it  is  seen  that  a  sharp, 
diminished,  and  inverted  image  of  any  object  brought  -within  the  field  of  dis- 
tinct vision  can  be  formed  on  the  retina.  Yet  the  absolutely  faultless  produc- 
tion of  such  images  is  rendered  impossible  in  consequence  of  certain  properties 
of  the  eye,  which  it  shares  with  other  optical  instruments :  these  are — 

1.  Chromatic  Aberration.  White  Ught,  as  is  well  known,  is  decomposed  by 
refraction  into  its  coloured  components, "in  consequence  of  the  unequal  refran- 
gibility  of  the  latter.  Consequently,  if  white  light  proceeds  from  a  point  in  an 
object,  the  latter,  instead  of  having  a  single  spot  corresponding  to  it  in  the  image, 
must  have  a  series  of  such  points  lying  one  behind  the  other,  the  most  anterior 
point  corresponding  to  the  most  refrangible  (violet),  and  the  most  posterior  to 
the  least  refrangible  (red)  rays.  The  eye  cannot  therefore  be  thoroughly  ac- 
commodated for  a  white  object:  if,  for  instance,  it  is  so  accommodated  that  the 
image  of  the  violet  rays  falls  upon  the  retina,  the  remaining  colours  appear  in 
concentric  diftiision  rings,  which  are  larger  the  further  the  colour  is  separated 
from  violet ;  as,  however,  all  the  diffused  rings  and  the  violet  spot  fall  on  the 
middle,  there  results  a  white  spot  with  coloured  borders.  Similarly  every  white 
object  must  appear  white  with  coloured  borders,  as  the  colom-ed  images  are 
superimposed  as  far  as  the  margins. 

If  the  eye  be  accommodated  for  a  colom-  which  lies  in  the  middle  of  the 
spectrum,  as  for  green,  there  result,  naturally,  two  series  of  coloured  diffused 
images ;  these  cover  one  another  to  such  an  extent  to  the  very  borders  that  the 
C07nplementa7-i/  colours  (see  below)  fall  upon  one  another,  and  the  borders  even 
appear  in  gi-eat  pai't  to  be  white.  The  latter  circumstance  is  ore  cause  why  in 
ordinary  vision  we  do  not  see  the  coloured  borders  of  the  objects  which  are 
looked  at ;  these  coloured  borders,  moreover,  in  consequence  of  the  slight  dis- 
persive power  of  the  media  of  the  eye  (the  dispersive  power  of  which  is  nearly 
the  same  as  that  of  distilled  water),  are  very  slight,  and  disappear  entirely  when 
contrasted  with  the  powerful  white  light  wbich  falls  upon  the  middle  of  the 
eye ;  possibly,  too,  the  combination  of  the  different  ocular  media  tends  to  make 
the  eye  achromatic  (the  arrangement  being  analogous  to  the  combination  of  flint 
and  crown-glass  lenses  in  optical  instruments).  In  order  clearly  to  perceive 
these  coloured  margins,  the  eye  must  be  accommodated,  not  for  a  colom:  in  the 
middle  of  the  spectrum,  but  for  a  colour  at  the  extreme  end  (red  or  violet)  ; 
this  is  obviously  best  done  by  not  accommodating  for  the  object. 

White  fields  appear,  when  the  eye  is  accommodated  for  too  great  a  distance, 
to  possess  a  faint  reddish-yellow  margin ;  when  the  eye  is  accommodated  for 
too  near  a  distance  the  margin  is  blue  (Helmholtz)  ;  a  luminous  point  seen 
through  a  reddish-violet  glass  appears,  when  the  eye  is  accommodated  for  the 
red  rays,  to  be  red  with  a  violet  circle  of  diffusion  ;  in  other  cases  the  converse 
occurs  (Helmholtz).  From  what  has  been  stated  it  also  results  that  the  extent 
of  the  field  of  distinct  vision  is  vaiious  for  these  different  colours.  Naturally 
the  point  of  near  and  distant  vision  for  violet  light  must  be  appreciably  nearer 
than  for  red,  a  fact  which  can  be  proved  by  looking  through  a  telescope  at 
equally  distant  spots  of  various  colours,  when  the  glass  must  be  adjusted  difle- 
rently  in  order  that  all  the  colours  should  be  seen  with  equal  distinctness  (Frauen- 
hofer). 

Red  surfaces  appear  nearer  than  blue  surfaces  which  are  in  the  same  plane, 
because  the  eye  has  to  be  more  strongly  accommodated  for  the  former,  and 
therefore  judges  the  object  to  be  nearer  (Briicke). 

2.  Spherical  {monochromatic)  Abetration.—A6  has  been  already  frequently 
stated,  the  rays  which  proceed  from  the  point  in  an  object  can  only  joip  again 
to  form  the  point  of  an  image  when  they  fall  upon  the  spherical  refracting  sur- 
face within  a  very  small  distance  of  the  axis.  This  condition  is  in  part  satisfied 
by  the  iris  when  it  cuts  off  a  large  number  of  the  peripheral  rays  which  fall  upon 
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the  eye.  A  further  correction  is  effected  by  the  form  of  some  of  the  refi-acting 
surfaces  of  the  eye ;  being  ellipsoids,  their  curvature  diminishes  decidedly  near 
the  margins.  Moreover,  in  the  case  of  the  lens,  the  rays  which  pass  through 
its  borders  only  traverse  the  outer  layers,  which  possess  smaller  powers  of  re- 
fraction than  the  inner.  This  correction  is,  however,  never  perfect,  being  some- 
times not  sufficient,  sometimes  too  great,  so  that  nearly  always,  especially  when 
the  pupil  is  dilated,  a  certain  amount  of  aberration  is  present,  which  gives  rise 
to  cii'cles  of  difi\ised  light,  and  consequently  to  indistinct  images. 

Sometimes  a  defective  centreing  of  the  refracting  surfaces  of  the  eye  can  be 
discovered  (Briicke). 

Some  other  forms  of  monochromatic  aberration  are  the  following : — 
Astigmatism  (Helmholtz,  Knapp,  Bonders). — a.  So-called  'irregular  astig- 
matism '  depends  upon  various  deviations  in  the  ciu-vatures  of  the  refracting 
sui'faces,  so  that  the  union  of  a  homocentiic  pencil  of  rays  at  one  point  is  hin- 
dered; each  small  segment  of  the  surface  has  its  special  image,  so  that  an  object 
such  as  a  point  throws  a  star-like  (fixed  star)  image  upon  the  retina.  The 
cornea,  moreover,  is  subject  to  transitory  inequalities  of  its  surface  (tears,  &c.) 
6.  'Regular'  astigmatism  depends  upon  a  difference  of  the  curvature  of  the  re- 
fracting surfaces  in  different  meridians.  The  two  meridians  which  are  furthest 
removed  from  one  another  are  called  principal  meridians.  As  a  rule,  the  vertical 
meridian  is  more  arched  than  the  horizontal.  The  two  meridians,  therefore, 
possess  different  focal  distances,  so  that  the  eye  may  be  short-sighted  in  the 
vertical  meridian,  and  long-sighted  in  the  horizontal.  Generally,  however,  the 
difference  is  so  slight  that  it  can  only  be  discovered  by  looking  at  fine  parallel 
lines  from  a  distance  ;  these  can  be  seen  from  a  greater  distance  when  vertical 
than  horizontal.  When  the  degree  of  astigmatism  is  very  great,  it  is  corrected 
by  a  glass  which  is  stronger  in  one  direction  than  the  other,  or,  more  simply, 
which  is  only  ciu'ved  in  one  direction,  which  is,  therefore,  cylindrical. 

3.  Fluorescence. — All  the  media  of  the  eye  are  fluorescent ;  the  lens  is  most 
so  (Helmholtz,  Setachenow,  Regnaidd).  As  the  sensitiveness  of  the  retina  is 
restricted  so  as  to  permit  of  its  only  appreciating  waves  of  a  certain  length,  the 
fluorescent  property  of  the  media  tends  to  increase  the  range  of  perception  for 
light  of  smallest  wave-length  (ultra-violet  rays).  Of  the  true  limits  more  will 
be  said  below. 

4.  Polarization. — If  polarized  blue  light,  or  light  which  contains  blue,  falls 
on  the  eye  (for  example,  if  we  look  at  the  sky  through  a  Nicol's  prism,  or  even 
with  the  naked  eye,  as  the  blue  rays  of  the  sky  are  already  polarized),  a  tuft- 
like image  (Haidinger)  is  seen,  which  moves  with  the  eye.  The  powers  of 
double  refraction  which  the  ocular  media  possess  (Janin,  Valentin)  are  not 
sufficient  to  explain  this  phenomenon.  It  appears  to  depend  upon  the  (pre- 
sumably doubly  refracting)  fibres  of  the  yellow  spot  (see  below),  which  being 
struck  by  the  polarized  light  at  different  angles,  absorbs  at  one  place  more,  at 
another  less,  giving  rise  to  the  appearance  above  mentioned  (Helmholtz). 

On  the  behaviour  of  Light  which  'penetrates  the  Eye. 

The  luminous  rays  after  penetrating  the  eye  are  in  part 
absorbed  and  in  part  reflected,  so  that  issuing  from  the  eye  they 
follow  the  same  course  which  they  pursue  on  entering.  Each 
bundle  of  homocentric  rays  entering  an  eye  which  is  perfectly 
accommodated  is,  after  refraction,  brought  to  a  focus  on  one  point 
in  the  transparent  retina,  presumably  on  its  outer  layer  (of  rods 
and  cones).    Each  rod'  is  to  be  looked  upon  as  a  prism  of  very 


1  According  to  recent  researches  it  is  only  the  external  segments  of  the  rods  or  of 
analogous  cones  which  have  this  function. 
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high  refractive  power  the  base  of  which  touches  the  choroid,  and 
which  at  its  margin  lies  in  contact  with  a  feebly  refracting  inter- 
mediate substance  (Briicke).  The  rays  which,  after  uniting  to 
form  points  in  the  image,  again  diverge,  come  in  part  in  direct 
contact  with  the  choroid  (axial  rays)  and  in  part  strike  the  sides 
of  the  rods,  but  at  so  oblique  an  angle,  that  instead  of  being 
refracted  by  the  intermediate  substance,  they  undergo  total  reflec- 
tion. Ultimately  all  these  rays  must  be  thrown  upon  the  choroid. 
Here  they  are  almost  all  absorbed  by  the  black  pigment ;  the 
unabsorbed  rays,  however,  are  reflected,  in  part  directly  (axial 
rays),  in  part  after  reflection  from  the  sides  of  the  rods.  Accord- 
ing to  well-known  optical  principles,  they  ultimately  return  again 
to  the  point  in  the  object  from  which  they  emanated.  By  this 
arrangement  the  passage  of  rays  from  one  part  of  the  retina  to  the 
other  (phenomena  of  interference,  &c.)  is  avoided,  and  clear  vision 
is  made  possible.  Upon  this  arrangement,  too,  depends  the  fact 
that  on  looking  into  the  eye  the  fundus  always  appears  dark. 

In  order  to  see  the  fundus  of  the  eye  illuminated,  the  observer 
must  make  his  own  retina  the  point  of  departure  of  rays  which  ai-e 
perceived  on  their  return  from  the  observed  eye.  This  object  is 
attained  by  the  use  of  the  ophthalmoscope.  By  means  of  this 
instrument  the  light  of  a  flame  is  thrown  into  the  eye  as  if  it  came 
from  the  eye  of  the  observer. 

One  of  the  simplest  ophthalmoscopes  (Helmholtz's)  consists  of 
an  arrangement  of  glass  plates,  which  serves  at  once  as  a  mirror 
and  as  a  transparent  medium.  By  means  of  this  arrangement  of 
plates  the  luminous  rays  from  a  light  placed  at  the  side  of  the 
observed  eye  are  thrown  into  the  latter.  The  rays  which  return 
after  reflection  from  the  fundus  are  only  in  part  thrown  back  by 
the  plates  to  the  source  whence  they  first  emanated  (the  light) ;  in 
part  they  traverse  the  plates  and  reach  the  eye  of  the  observer. 
The  observed  eye  appears  in  this  way  to  be  diffusely  illuminated 
with  a  red  light. 

A  clear  image  of  the  fundus  of  the  eye  may  fm-ther  be  obtained 
in  the  following  manner.  When  the  observed  eye  is  placed  at  a 
certain  distance,  the  retina  is  somewhat  behind  the  focal  point  of 
the  optical  system,  which,  like  the  object-glass  of  a  microscope, 
throws  a  real,  inverted,  and  enlarged  image  of  the  retina  in  that 
plane  to  which  the  eye  is  turned.  As  this  image,  in  consequence 
of  its  large  size  (which  only  permits  of  a  small  part  of  it  falling  at 
once  upon  the  pupil  of  the  observer),  and  on  account  of  its  con- 
tinually changing  position,  cannot  be  observed,  an  auxiliary  lens 
must  be  employed :  this  is  either  a  collecting  convex  lens,  which 
makes  the  image  smaller,  brighter,  and  brings  it  nearer  to  the 
observer,  whilst  it  allows  it  easily  to  be  fixed  in  one  place,  or  it  is 
a  concave  lens,  which  possesses  similar  properties,  but  which  fur- 
nishes a  distinct  and  erect  image. 
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The  combinatiou  of  glass  plates  in  the  instrument  above  referred  to  may  be 
replaced  by  a  plane  or  concave  mirror ;  which,  being  furnished  with  a  central 
aperture,  permits  a  portion  of  the  rays  returning  from  the  fundus  of  the  observed 
to  reach  the  observing  eye ;  upon  this  plan  other  ophthalmoscopes  have  been 
constructed  (those  of  von  Kuete  and  Ooccius).  Between  the  source  of  light 
and  the  (plane)  mirror,  a  convex  lens  may  be  placed  with  the  view  of  concen- 
trating the  rays.  If  it  be  desired  merely  to  see  the  eye  diffusely  lighted  up,  and 
not  to  obtain  a  sharp  image  of  the  retina,  the  following  procedure  may  be  had 
recourse  to  (Briicke).  The  eye  which  is  to  be  observed  is  fixed  upon  a  near 
luminous  object,  but  is  accommodated  for  distant  vision.  Instead  of  the  rays  of 
light  then  converging  to  points,  circles  of  diffused  light  are  formed  upon  the 
retina.  The  reflected  rays  which  leave  the  eye  iinder  these  circumstances  do 
not  again  meet  at  the  points  whence  they  emanated,  but  either  far  behind  them 
or  they  do  not  meet  at  all  {i.e.  they  are  either  parallel  or  divergent).  If  now 
the  observer's  eye  is  placed  in  the  path  of  the  cone  of  the  returning  rays  (being 
protected,  if  needs  be,  from  the  direct  influence  of  the  flame  by  a  screen),  the 
observed  eye  is  seen  to  be  illuminated,  of  a  red  tint. 

The  eyes  of  human  and  animal  albinos  exhibit,  without  any  special  arrange- 
ment being  required,  an  illuminated  fundus,  as  light  passes  through  the  sclerotic 
and  choroid,  and  falls  into  the  eye.  The  illumination  of  the  eye  is  especially 
brilliant  in  animals,  in  which  over  a  portion  of  the  choroid  the  black  pigment  is 
replaced  by  a  bright,  shining,  strongly  reflecting  membrane,  the  so-called 
tapetum  (this  is  seen  in  the  eyes  of  many  of  the  mammals,  especially  in  beasts  of 
prey,  and  cetacea,  in  fishes,  &c.) 

Vision. 

The  rays  which  fall  upon  the  retina  lead  to  the  perception  of 
light,  in  consequence  of  the  vibrations  of  the  ether  affecting  in  an 
unknown  manner  the  terminations  of  the  optic  nerve  in  the 
retina. 

The  only  nerve  terminations  which  are  to  be  considered  sensi- 
tive to  light  are  the  rods  and  the  cones  (H.  Miiller).  The  proofs 
for  this  statement  are  the  following  : — 

1.  The  point  of  entrance  of  the  optic  nerve,  where  the  retina 
consists  of  nerve  fibres  without  either  rods  or  cones,  is  insensitive 
to  light ;  this  is  therefore  called  the  blind  spot  (also  Mariotte's 
spot).    If  we  look  fixedly  with  the  right  eye  at  the  spot  a  (keep- 

A  B 

•  • 
ing  the  left  eye  closed),  holding  the  paper  at  a  distance  from  our 
eye  four  times  as  great  as  the  distance  of  a  from  b,  the  point  b 
will  not  be  seen.  In  this  case,  by  looking  at  a,  its  image  falls 
upon  the  termination  of  the  optic  axis,  and  the  image  of  b  falls 
upon  the  point  of  entrance  of  the  optic  nerve,  which  is  situated 
about  3^"™  on  the  inner  side.  Likewise  A  disappears,  if  b  be 
looked  at  fixedly  with  the  left  eye  at  the  same  distance  as  in  the 
previous  experiment.  The  function  of  the  blind  spot  in  the  field 
of  vision  will  be  discussed  below. 

2.  The  fovea  centralis  retinal  and  the  macula  lutea  which 
surrounds  it,  which  contain  rods  and  cones,  but  no  fibres  of  the 
optic  nerve,  are  fitted  for  the  most  acute  vision  (the  fovea  centralis 


400  END-ORGANS  OF  THE  OPTIC  NERVE. 


almost  exactly  coincides  with  the  termination  of  the  optic  axis) ; 
the  image  of  any  fixed  object  which  is  looked  at  falls  upon  this 
part  of  the  retina.  As  the  fovea  centralis  only  contains  cones,  and 
the  macula  lutea  cones  in  large  numbers  (one  cone  being  sur- 
rounded by  a  circle  of  rods),  and  as  the  remaining  part  of  the 
retina  contains  only  few  cones  (one  cone  surrounded  by  many 
circles  of  rods),  we  are  entitled  to  conclude  that  the  cones  are  even 
more  sensitive  to  light  than  the  rods. 

3.  When  the  eye  is  illuminated  from  without,  the  vessels  of 
the  retina  which  are  situated  behind  the  layer  of  fibres,  but  ante- 
rior to  the  layer  of  rods  and  cones,  cast  a  shadow  ;  as  this  shadow 
can  be  perceived  entopticalLy.,  under  certain  circumstances  which 
will  have  to  be  discussed  (Purkinje's  figures),  it  is  proved  that  the 
rods  and  cones  are  the  structures  which  are  sensitive  to  light.  By 
accurate  measurement  it  has  been  determined  that  the  shadows 
which  are  perceived  really  are  shadows  of  the  blood-vessels  of  the 
retina,  and  not  of  other  vessels  situated  in  front.  For  example,  by 
moving  the  source  of  light,  the  position^ of  the  shadow  changes, 
and  as  these  changes  of  position  can  be  measured  entoptically,  the 
distance  of  the  bodies  which  cast  the  shadows  from  the  sensitive 
surface  can  easily  be  calculated.  The  distance  agrees  exactly  with 
the  distance  between  the  vessels  of  the  retina  and  the  rods,  as 
ascertained  by  direct  measurement  (H.  Miiller). 

The  end-organs,  the  rods  and  the  cones,  are,  therefore,  the  only 
organs  which  are  directly  capable  of  being  excited  by  the  vibra- 
tions of  the  ether  ;  this  property  not  being  shared  by  the  fibres  of 
the  optic  nerve  either  in  the  retina  or  in  the  trimk  of  the  nerve. 
Irritation  of  the  optic  nerve,  at  any  point  in  its  course  or  termina- 
tions, by  any  of  the  usual  nerve  excitants  (mechanical,  electrical, 
&c.)  gives  rise  to  the  sensation  of  light,  which,  therefore,  consti- 
tutes the  *  specific  energy'  of  the  optic  nerve. 

In  the  living  eye  the  retina  possesses  a  purple-red  colour,  and 
this  colouration  which  is  the  cause  of  the  red  colour  of  the  illumi- 
nated fundus  is  situated  in  the  external  segments  of  the  rods  ; 
light  bleaches  this  colour  rapidly ;  during  life,  however,  the  colour- 
ing matter  is  continually  being  regenerated  (Boll). 

The  investigation  of  the  relations  which  this  colouration 
bears  to  the  excitation  of  the  retina  has  but  recently  been  com- 
menced (Boll,  Kiihne)  (1). 

Mechanical  irritation,  as  contusion  or  section  of  the  trunk  of  the  optic  nerve, 
leads  to  a  lightning-like  illumination  of  the  whole  field  of  vision.  Pressure 
applied  to  the  eye  or  to  a  limited  part  of  the  retina  leads  to  circular  bright 
'  pressure-figures,'  '  phosphenes,'  upon  the  corresponding  (opposite)  side  of  the 
field  of  view ;  in  eyes  vs^hich  are  morbidly  excitable,  the  contact  of  the  circu- 
lating blood  with  the  retina  is  sufficient  to  occasion  manifestations  of  light 
(spariis,  images  of  the  vessels)  ;  lastly,  a  sudden  change  in  the  accommodation 
of  the  eye  in  the  dark,  by  causing  a  traction  upon  the  anterior  margin  of  the 
retina,  ^ves  rise  to  the  appearance  of  a  bright  fringe  at  the  boi-der  of  the  field 
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of  view  (Purkiuje,  Ozermak).  Electrical  irritation  (passage  of  a  constant  cur- 
rent through  the  eye,  or  variations  in  the  intensity  of  the  current)  also  oeca-jons 
peculiar  appearances  of  light,  different  parts  of  the  retina  being  perceived 
(Ritter,  Purkinje).  For  the  influence  of  electrical  in-itation  upon  the  percep- 
tion of  colour,  see  below. 

In  order  to  bring-  about  an  excitation  of  the  retina  the  lumi- 
nous impression  need  only  act  upon  it  for  a  very  short  period  (the 
time  of  duration  of  an  electric  spark  suffices).  When  light  con- 
tinues to  act  upon  the  retina  for  a  long  time,  the  excitation 
becoming  more  intense,  fatigue  of  the  retina  results.  These  facts 
explain  the  following :  1 .  The  appearance  of  negative  '  after- 
images '  (see  below).  2.  The  much  greater  sensitiveness  of  the 
retina  after  the  eye  has  been  in  darkness  for  considerable  periods. 
3.  The  greater  effect  produced  by  intermittent  luminous  stimula- 
tions as  compared  with  those  which  are  continuous.  The  effect  of 
such  intermittent  stimulations  is  most  marked  when  they  follow 
one  another  seventeen  or  eighteen  times  in  each  second  (Briicke), 
presumably  because  then  the  new  irritation  exerts  its  influence  at 
a  time  when  the  eye  has  just  recovered  from  the  effect  of  the  pre- 
ceding ;  the  complementary  after-images  (see  below)  co-operate  in 
bringing  about  this  effect  (Briicke). 

The  brighter  and  larger  the  images  which  are  formed  on  the  retina,  the 
shorter  is  the  time  necessa.ry  for  their  perception,  yet  the  time  required  only 
diminishes  in  arithmetical,  though  the  intensity  of  the  illumination  and  the  size 
of  the  retinal  image  increase  in  geometrical,  progression.  The  most  sensitive 
part  of  the  retina  lies  further  from  the  centre  of  the  retina  than  that  part  which 
perceives  most  rapidly  the  outlines  of  objects  (Exner).  The  curve  which  repre- 
sents the  excitation  of  the  retina  presents  a  rise  and  a  fall,  so  that  when  the 
illumination  lasts  a  very  short  time,  the  full  perception  of  the  luminous  impres- 
sion does  not  occur  (Ficli).  When  the  eye  is  continuously  illuminated,  the 
falling  part  of  the  curve  indicates  exhaustion  of  the  retina.  The  absolute 
brightness  of  the  light  has  no  influence  on  the  relative  fatigue  ;  the  eflect  of  this 
fatigue  is  the  same  as  if  the  objective  light  were  diminished  in  intensity  by  a 
fraction  of  its  whole  amount  (Helmholtz).  Fatigue  uicreases  most  rapidly  at 
first ;  the  loss  of  light  due  to  fatigue  amounts  in  the  first  seconds,  during  which 
the  luminous  impression  lasts,  to  more  than  7  per  cent,  of  the  total  amount ; 
later,  however,  the  loss  is  relatively  much  less.  The  whole  loss  during  exposure 
for  a  whole  day  amounts  to  about  51  per  cent.,  because  the  eye  has  continuous 
opportunities  for  restoration.  In  the  morning  the  influence  of  fatigue  is  greatest 
(Fick,  and  0.  F.  Miiller).  In  the  centre  of  the  retina  the  influence  of  fatigue  is 
sooner  developed  than  at  the  periphery  (Aubert). 

Quality  of  Luminous  Impressions. 

All  the  vibrations  of  the  ether  do  not  possess  the  power  of  ex- 
citing the  end-organs  of  the  optic  nerve.  Those  the  wave-length 
of  which  is  greater  than  corresponds  to  Frauenhofer's  line  A  (ultra- 
red  heat  rays)  are  unable  to  excite  them,  and  are,  therefore,  invisi- 
ble :  those  the  wave-length  of  which  is  shorter  than  corresponds  to 
the  line  ir  (ultra-violet  chemical  rays)  exert  so  feeble  an  action 
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that  peculiar  arrangements  are  required  in  order  to  make  them 
manifest. 

The  power  whicli  the  diiFerent  colours  of  the  spectrum  possess  of  exciting 
the^  retina  is  different.  For  the  perception  of  yellow,  a  shorter  illumination 
suffices  than  for  violet  (Vierordt,  Burckhardt,  and  Faber),  whilst  red  requires 
the  longest  illumination  (Lamansky).  The  maximum  degree  of  stimulation  is, 
on  the  other  hand,  reached  earliest  in  the  case  of  red  (Kunkel).  The  invisible 
character  of  the  ultra-red  rays  has  led  to  the  investigation  of  the  diathm-marwy 
of  the  media  of  the  eye,  and  it  results  that  the  latter  absorbs  above  90  per  cent, 
of  the  heat  rays  (Briicke,  Janssen).  In  relation  to  the  separate  portions  of  the 
spectrum,  the  diathermancy  of  the  media  of  the  eye  behaves  as  that  of  water 
Franz) ;  they  therefore  allow  a  sufficient  number  of  the  ultra^red  rays  to  pass, 
to  lead  one  to  ascribe  their  not  being  perceived  to  their  incapability  of  exciting 
the  retina.  The  ultra-violet  rays,  which  are  seen  with  difficulty,  appear  of  a 
lavender  grey  colpur  when  they  have  been  rendered  artificially^isible  by  re- 
moving the  remaining  portions  of  the  spectrum  (Helraholtz)  ;  the  most  external 
rays  of  the  very  long  spectra  of  metals  have  no  perceptible  colour  (Masoart). 

The  vibrations  of  the  ether  which  are  capable  of  exciting  the 
retina  give  rise  to  the  sensation  of  light  by  being  propagated  from 
the  end-organs  in  the  retina  to  the  central  organs  in  connection 
with  the  optic  nerve. 

The  intensity  (height  of  wave)  of  the  waves  determines  the 
intensity  of  the  luminous  impression  ;  the  length  of  the  waves, 
however,  determines  the  specific  peculiarities  of  the  luminous  im- 
pressions, to  which  we  give  the  name  of  colours.  The  solar  spec- 
trum, which  allows  rays  of  all  wave-lengths  capable  of  affecting 
the  eye  to  reach  it  simultaneously,  exhibits  all  colours  arranged 
side  by  side.  In  addition  to  these,  which  we  denominate  '  simple,' 
there  are  others  which  we  term  '  mixed '  colours.  The  conscious- 
ness of  the  impression  produced  by  a  mixed  colour  is  the  result 
either  of  the  union  of  rays  of  different  wave-length  (different 
simple  colours),  which  have  united  so  as  to  form  a  resulting  wave- 
system  which  strikes  the  retina  ;  or  of  a  simultaneous  excitation  of 
corresponding  fibres  of  the  optic  nerve  by  several  rays  of  different 
colour. 

In  both  cases  the  same  simple  colours  give  rise  to  the  same 
mixed  colour. 

The  sensation  produced  by  the  absence  of  any  luminous  im- 
pression upon  a  part  of  the  retina  which  is  sensitive  to  light  is 
called  'black';  the  colour  of  undecomposed  sunlight  is  called 
'  white,'  whilst  '  grey  '  is  white  of  less  intensity. 

We  may  realise  the  two  modes  in  which  colours  are  mixed  in  the  following 
manner:  1.  Formation  of  a  system  of  waves  of  different  wave-lengths,  a.  The 
source  of  light  itself  furnishes  such  a  system,  which  is  decomposable  by  a  prism 
into  simple  colours,  b.  The  same  effect  remits  when  luminous  rays  proceeding 
from  several  points  strike  the  eye  so  as  to  fall  upon  the  same  spot  in  the  retina. 
Simple  means  of  effecting  this  are  the  following  :  a  colour  is  looked  at  through 
an  obliquely-placed  glass  plate,  which  at  the  same  time  throws,  by  reflexion, 
another  colour  into  the  eye  (Ilelmholtz),  or,  in  Scheiner's  experiment,  which 
was  previously  referred  to,  two  differently  coloured  glasses  are  placed  in  front 
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of  tlie  two  small  apertures ;  in  this  case  tlie  two  luminous  cones  are  differently 
coloured.  If  the  observing  eye  be  now  so  accommodated  tbat  the  two  circles  of 
diffusion  partly  cover  one  another,  that  part  of  the  retina  which  is  common  to 
both  is  illuminated  with  a  mixed  light  (Ozermak). 

2.  Excitation  of  tlie  same  or  of  corresponding  elements  of  the  retina  by 
different  colours,  a.  The  property  which  the  retina  possesses  of  retaining  for  a. 
time  luminous  impressions  is  made  use  of,  and  different  colours  are  allowed  to 
fall  into  the  eye  in  very  rapid  succession  (the  apparatus  known  as  Newton's 
disc  is  made  use  of  in  this  experiment)  ;  in  this  way  the  effect  of  the  first  exci- 
tation is  still  present,  when  the  second  commences  to  operate,  h.  Different 
colours  are  allowed  to  fall  upon  two  '  corresponding  points '  in  the  two  eyes. 

Experiments  conducted,  upon  the  perception  of  colours  and.  upon 
mixed  colours  (Newton,  Grassmann,  Helmholtz,  Maxwell)  have  led 
to  the  following  laws  :  1.  The  same  impression  of  colour  may  he 
produced  by  very  different  combinations  of  colours ;  the  number 
of  possible  colour-perceptions  is  therefore  much  smaller  than  that 
of  the  possible  objective  wave-forms.  2.  Each  colour  appears 
whiter,  the  more  intense  the  illumination,  and  when  the  illumi- 
nation is  most  intense  it  appears  white  ;  of  all  colours  yellow  is  the 
one  which  most  easily  passes  into  a  white.  3.  A  combination  of 
two  simple  colours  of  the  spectrum  gives  rise  to  an  impression, 
which  can  in  every  case  be  reproduced  by  a  colour  lying  between 
them  in  the  spectrum,  mixed  with  a  certain  quantity  of  white 
{i.e.  undecomposed  sunlight),  or  it  may  be  reproduced  by  white 
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alone  (in  the  latter  case  the  two  colours  are  called  complementary 
colours) ;  hence  it  follows  that  even  three  or  more  colours  of  the 
spectrum  when  mixed  always  produce  an  impression,  which  can  be 
reproduced  by  one  of  the  colours  of  the  spectrum  mixed  with  wliite: 
any  luminous  impression  whatever  may  therefore  be  produced  by 
one  of  the  colours  of  the  spectrum  and  white. 

In  order  to  make  the  third  law  universally  applicable,  we  must  consider  the 
spectrum  to  be  in  the  form  of  a  closed  ring,  a  new  colour  being  interposed 
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lietween  the  red  and  the  violet  ends,  this  being  a  compound  colour,  viz.  purple, 
resulting  from  the  mixture  of  red  and  violet.  If  in  the  middle  of  this  closed 
field  (fig.  48),  white  be  placed,  and  if  the  field  be  so  coloured,  that  every  vector 
contains  the  combinations  of  one  of  the  spectral  colours  with  white  in  all  pro- 
portions (so  that  the  colour  as  it  approaches  the  white  alwfiys  becomes  wliiter), 
a  diagram  is  obtained,  which  immediately  tells  xta,  what  impression  will  result 
when  any  given  colours  are  mixed.  Let  us,  for  example,  imagine  that  at  the 
points  which  correspond  to  the  coloured  components  masses  are  placed,  the 
magnitude  of  which  corresponds  to  the  intensity  of  the  components,  and  let  the 
centre  of  gravity  of  these  (which  must  naturally  lie  within  the  field)  be  found  ; 
its  situation  will  represent  the  luminous  impression  sought  for.  It  is  then  seen 
that  the  coloured  impression  produced  by  the  spectral  colours  corresponds  to  a 
spectral  colour  which  lies  between  the  component  (elementary)  colours,  mixed 
with  white ;  further,  that  the  inixtm-e  with  white  becomes  more  intense  the 
more  diametrically  opposed  the  two  ingredients  ;  lastly,  that  each  shade  of  white 
unites  two  complementary  colours. 

The  form  of  the  including  curve  and  the  situation  of  the  white  must  there- 
fore be  so  chosen  that  the  latter  always  lies. in  the  line  of  union  of  two  comple- 
mentary colours,  and  indeed  always  lies  nearer  to  that  colour  which  must  be 
represented  relatively  more  .intensely  in  order  to  form  white  with  its  comple- 
mentary colour. 

If  we  supposed  that  every  fibre  of  the  optic  nerve  were  diflfer- 
ently  excited  by  different  colours  and  so  occasioned  diflferent  lumi- 
nous impressions,  not  only  would  the  principle  of  'specific  ener- 
gies' be  contradicted,  but  many  of  the  observations  which  have 
been  referred  to,  especially  the  identity  of  the  impressions  per- 
ceived when  the  same  colours  are  mixed  objectively  and  subjec- 
tively, would  be  absolutely  ^incomprehensible.  All  difficulties  are, 
on  the  other  hand,  set  aside  by  the  hypothesis  of  Thomas  Young 
and  Helmholtz,  that  each  spat  on  the  retina  contains  a  number  of 
nerve-terminations,  of  whicli  each  one  is  capable  of  being  excited 
by  one  particular  colour  and  is  able,  by  transmission  through  a 
nerve-fibre  in  connection  with  -it,  to  occasion  the  consciousness  of  a 
particular  coloured  impression.  A  compound  colour  would  then 
be  decomposed  (just  as  a  musical  sound  is  decomposed  by  resona- 
tors, or  like  light  by  a  prism)  into  its  components,  which  would 
excite  the  corresponding  fibres.  Admitting  this  hypothesis,  the 
same  impression  would  naturally  result  whether  a  compound  colour, 
or  each  of  its  separate  components,  fell  upon  the  retina,  or  if  the 
components  fell  in  rapid  succession  upon  the  retina,  or  even  were 
distributed  upon  corresponding  points  of  the  two  retinae.  Accord- 
ing to  this  hypothesis,  white  would  be.perceived  when  all  the  retinal 
elements  were  equally  excited. 

It  is  impossible  to  determine  a  ^jrio?'^  how  many  of  these  colour- 
perceiving  retinal  elements  must  be  associated  with  each  spot  on 
the  retina ;  the  smallest  number  which  can  be  assumed  is  three 
(Young).  For  reasons  Which  cannot  here  be  discussed,  it  is  usually 
assumed  that  there  must  be  present  elements  capable  of  perceiving 
red,  green,  and  violet.  Probably  the  number  is  actuaUy  much 
greater. 
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The  most  recent  anatomical  investigations  have  almost  certainly 
demonstrated,  that  the  cones  are  the  elements  in  the  retina  which 
are  concerned  in  the  perception  of  colour  (M.  Schultze).  These 
cones  must,  however,  be  looked  upon  as  collections  of  nerve  termi- 
nations ;  they  appear  to-  be  longitudinally  striated,  and  they  pass 
into  a  thick  fibre  (cone-fibre),  which  consists  of  a  bundle  of  the 
finest  axis  cylinders,  which  separate  in  the  granular  layers  of  the 
retina.  The  pow«r  of  perceiving  colours  possessed  by  different 
parts  of  the  retina  varies  according  to  the  distribution  of  cones  in 
them.  The  rods  are  in.  all.  probability  merely  endowed  with  the 
power  of  determining:  the  quantity  of  light.  They  are  connected 
with  a  single  axis  cylinder,  or  at  least  with  a  far  smaller  number 
of  axis  cylinders  than  the  cones. 

The  hypothesis  which  has  already  been,  referred  to  in  the  text, 
viz.  that  each  of  the  fibres  supposed  by  Young  to  exist,  is  excited 
not  merely  by  one,  but  by  all  colours,  only  in  different  degrees, 
explains  the  observation  referred  to  at  p.  389  in  discussing  the 
second  law.    In  fig.  49  the  oi^iinates  of  the  curves  indicate  the 
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relative  degree  of  stimulation  which  each  of'Young's  fibres  under- 
goes under  the  influence  of  each  of  the  primary  colours  of  the 
spectrum.  1  is  the  curve  which  represents  the  excitability  of  the 
fibres  which  are  specially  sensitive  to  red  rays  ;  2,  of  those  which 
are  sensitive  to  green  rays;  3,  of  those  which' are  sensitive  to  violet 
rays. 

As  when  the  intensity  of  the  illumination  increases,  the  stimu- 
lation must  soon  attain  a  maximum,  it  follows  that  an  intensely 
illuminated  colour  must  excite  all  three  fibres  to  a  maximum 
degree,  therefore  equally  strongly,  and  that  therefore  a  sensation  of 
white  must  result.  Yellow,  which,  as  the  curves  show,  excites 
alnaost  to  an  equal  degree  the  three  kinds  of  fibres,  must  most 
easily  pass  into  white.  In  the  colour-plane  (fig.  48)  places  must 
be  given  to  coloured  impressions  which  correspond  to  the  excitation 
of  the  individual  fibres  of  Young,  outside  of  the  coloured  field,  viz. 
at  B,  Gr,  and  v;  then,  as  fig.  49  shows,  no  objective  colour  exists, 
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which  merely  stimulates  a  single  fibre  of  Young.  Naturally  again 
white  must  lie  in  the  centre  of  gravity  of  three  equal  masses  placed 
at  R,  Gr  and  v.  The  triangle  r  or  v  includes  all  imaginable  coloured 
impressions,  but  the  inner  field  alone  contains  those  which  are 
possible  in  the  case  of  objective  illumination  ;  the  remaining  colours 
can  only  be  developed  subjectively. . 

The  theory  of  Young,  Helmholtz  and  Schultze  is  moreover  sup- 
ported by  the  following  facts  in  addition  to  those  previously  refei-red 
to  (viz.  the  results  of  mixing  coloiu:s  ;  the  form  of  the  fibres  of  the 
cones  and  rods) ;  1.  In  animals  the  habits  of  which  are  nocturnal 
(owls,  bats)  the  cones  are  wholly  wanting,  and  rods  alone  are 
present  (M.  Schultze)  ;  this  fact  agTees  with  their  supposed  func- 
tion of  merely  appreciating  differences  in  the  quantity  of  light 
(light  and  darkness).  2.  The  power  of  discriminating  colours  is, 
in  the  eye  of  man,  most  developed  in  the  fovea  centralis,  where 
cones  alone  are  pi-esent,  and  diminishes  towards  the  periphery  in 
proportion  as  rods  occur,  ceasing  entirely  at  the  periphery,  where 
the  cones  only  occur  in  isolated  situations  (Aubert,  jNI.  Schultze). 
Here  a  qualitative  irregularity  in  the  perception  of  colours  is  dis- 
covered (see  below).  3.  Very  frequently  there  exists  an  abnor- 
mality of  the  eye,  to  which  the  name  of  colour-blindness  or  blind- 
ness for  red  (Daltonism)  is  given.  This  abnormality  consists  in 
this,  that  red  appears  black,  and  that  mixed  colours  which  contain 
red  appear  as  if  the  red  were  absent  (white  for  instance  appears 
greenish-blue).  This  condition  cannot  be  explained  otherwise  than 
by  supposing  an  absence,  or  a  functional  incapacity,  of  the  retinal 
elements  concerned  in  the  perception  of  red.  As  some  colour-blind 
people  do  perceive  very  intense  red,  it  follows  that  we  must  assume 
not  an  absence,  but  an  imperfection  of  these  elements,  of  which 
there  may  be  many  gradations.  The  peripheral  parts  of  the  retina 
are  normally  to  a  certain  extent  colour-blind  for  red,  and  are  so, 
according  to  Woinow,  for  green  also.  White  is  seen  on  those  parts 
of  the  retina  of  a  greenish  tint.  Moreover,  when  we  try  to  ascer- 
tain the  limits  of  the  sensitiveness  of  the  eye  to  colour,  as  for 
example  the  power  of  perceiving  a  very  small  coloured  image  or 
one  imperfectly  illuminated,  red  appears  to  be  the  colour  which  is 
least  easily  perceived  (Aubert,  Lamansky) ;  it  would  thus  appear 
that  the  cones  which  are  sensitive  to  red  require  a  stronger  stimulus 
than  the  remaining  cones,  and  further  that  in  order  that  a  colour 
be  perceived,  it  is  necessary  that  a  certain  number  of  cones  l^e 
excited;  these  two  suppositions  are  sufficient  to  explain  all  the 
known  phenomena  (still  even  a  green  colour-blindness  can  exist, 
Preyer). 

When  electrical  currents  are  passed  through  the  optic  nerve, 
weak  luminous  sensations  result ;  the  field  of  vision  appears  of  a 
violet  colour  with  an  ascending,  and  reddish-yellow  with  a  descend- 
ing, current  (Ritter).    This  action  manifests  itself  when  coloured 
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objects  are  looked  at,  by  an  addition  of  violet  or  yellow  to  their 
proper  colour. 

The  excitation  of  the  fibres  which  are  sensitive  to  violet  rays 
appears  therefore  to  be  stronger  with  an  ascending  current,  and 
weaker  with  a  descending  current,  whereas  the  fibres  which  are 
sensitive  to  green  or  red  are  but  slightly  affected. 

The  yellow  colouring  matter  of  the  macula  lutea  causes  the 
centre  of  the  retina  to  be  more  sensitive  for  yellow  and  less  sensi- 
tive for  violet,  as  many  facts  teach  us  (Maxwell,  Preyer).  The 
yellow  colour  of  the  field  of  vision,  which  comes  on  in  cases  of 
poisoning  by  santonin,  has  been  explained  by  some  (M.  Schultze) 
as  due  to  an  increase  of  the  yellow  pigment,  whilst  others  (Hiifner) 
imagine  that  it  depends  upon  a  paralysis  of  the  fibres  which  axe 
sensitive  to  violet,  especially  because,  as  a  first  effect,  the  field  of 
vision  is  coloured  violet — a  phenomenon  which  is  to  be  explained 
on  the  supposition  that  there  is  a  preliminary  stage  of  irritation 
which  precedes  the  stage  of  paralysis  of  the  fibres. 

The  manner  in  which  light  of  different  colours  is  decomposed 
in  the  cones  cannot  yet  be  understood  (see  below).  But  birds  are 
provided  with  an  apparatus  which  throws  some  light  upon  the 
function  of  the  cones  in  the  perception  of  coloui-s.  The  cones  of 
the  retina  of  birds  are  simple  elements,  being  only  connected  with 
a  single,  simple  axis  cylinder,  and  are  therefore,  according  to 
Schultze's  theory,  really  ?'0(is;  these  rods  present,  however,  at  the 
junction  of  their  inner  with  their  outer  segment  (see  below)  a 
spherical  fatty  body,  which  in  the  case  of  some  is  red,  in  that  of 
others  yellow,  or  even  colourless.  It  is  conceivable  that  the  rods 
of  the  first  kind  only  transmit  red,  those  of  the  second  yellow, 
those  of  the  third  perhaps  white  light.  The  perception  of  colours 
appears  therefore,  even  in  this  case,  to  depend  upon  several  rods, 
each  kind  being  excited  by  light  of  a  particular  colour ;  this  com- 
bination of  rods  corresponds  to  a  single  cone  of  the  human  retina 
(M.  Schultze).  In  the  retina  of  the  owl  the  pigmented  rods,  above 
referred  to,  are  absent,  the  only  ones  present  being  colourless. 

In  both  rods  and  cones  two  constituent  parts  (segments),  an 
inner  and  an  outer,  can  easily  be  distinguished  (M.  Schultze).  The 
external  segment  is  essentially  the  same  in  both  rods  and  cones, 
being  merely  longer  in  the  former ;  it  is  regularly  rod-like,  it 
refracts  light  strongly,  and  is  most  strongly  coloured  black  by 
perosmic  acid ;  it  constitutes  a  reflecting  arrangement.  The 
internal  segment  differs  in  the  rods  and  cones  ;  in  the  former  it 
possesses  the  same  thickness  as  the  external  part,  in  the  latter  it  is 
fusiform  and  longitudinally  striated  ;  it  is  apparently  of  a  purely 
nervous  nature.  The  line  of  demarcation  between  these  two  seg- 
ments is  sharp,  and  here  the  rays  coming  from  within  must,  in  great 
part,  be  totally  reflected.  The  light  which  penetrates  the  external 
portion  of  the  rods  and  cones  is  either  absorbed  by  the  choroid  coat 
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or  again  reflected  towards  the  inner  portions.  Seeing  that  in  the 
ret  ina  of  birds  the  pigmented  granular  bodies  are  situated  at  the 
point  of  junction  of  the  inner  and  outer  segments  of  the  rods  and 
cones  (while  in  other  animals  also  refracting  apparatuses  of  elliptical 
or  lenticular  form  occur  in  the  same  situation),  it  is  highly  probable 
that  the  external  segments  are  the  specific  light-perceiving  organs. 
These  present  in  all  animals  a  transverse  cleavage  into  fine  plates, 
which  are  0-0006"""  thick  in  doves,  and  0-002— 0-008  in  crabs  (M. 
Schultze).  This  peculiar  structure  has  led  to  the  hypothesis  that 
the  external  segments  have  the  property  of  changing  by  reflection 
against  these  plates  the  progressive  light-waves  into  stationary 
waves ;  the  latter  would  act  in  such  a  way  that  the  maximum 
point  would  riot  coincide  in  the  case  of  the  different  colours,  but 
that  individual  colours  would  excite  different  points  of  the  organ, 
an  effect  similar  to  that  reqvxired  by  Young's  theory.  That  sta- 
tionary waves  corresponding  to  all  the  different  wave-lengths  may 
be  generated  appears  possible  from  the  fact  that  not  only  the 
distance  of  the  reflecting  surfaces  (thickness  of  the  plates),  but 
also  the  refractive  index  of  the  different  plates  in  a  rod,  vary. 

Images. 

It  has  already  been  stated  that  from  every  point  in  an  object 
the  corresponding  point  in  the  image  can  be  obtained  by  drawing 
the  visual  ray  which  joins  them.  It  is  in  this  direction  too  that 
consciousness  refers  to  the  exterior  the  cause  of  every  luminous  im- 
pression which  originates  in  consequence  of  the  irritation  of  a 
retinal  element.  It  will  be  shown  subsequently  to  what  distance 
on  this  line  the  point  of  the  object  is  referred.  In  the  first  place, 
let  us  now  consider  the  case  in  which  the  transfer  is  effected  in 
such  a  manner  that  all  the  points  of  the  object  appear  to  lie  in  a 
plane  floating  before  the  eye.  This  plane  is  called  the  '  field  of 
vision.'  As  consciousness  is  continually  forming  a  representation 
dependent  on  the  state  of  irritation  of  all  the  retinal  elements 
according  to  their  real  arrangement  in  space,  it  happens  that  a 
field  of  vision  is  always  being  seen ;  this  appears  '  black,'  as  long 
as  every  cause  of  irritation  is  wanting.  To  every  excited  retinal 
element  there  corresponds  a  luminous  point,  and  to  every  unexcited 
element  a  black  point,  at  diametrically  opposite  points  of  the  field 
of  vision.  The  latter  then  is  filled  with  exactly  the  same,  but  in- 
verted, images  as  are  objectively  present  on  the  retina.  ^  As  the 
latter  are,  in  relation  to  the  objects  seen,  inverted,  the  objects  are 
seen  erect  in  the  field  of  view. 

The  blind  spot  does  not  occasion  any  perceptible  gap  in  the 
field  of  vision.  The  want  of  optical  excitation  (the  consciousness 
of  which  we  designate  by  the  term  black)  can  only  be  perceived 
where  terminations  of  nerves  sensitive  to  light  are  present.  But 
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there  are  no  such  terminations  in  the  blind  spot.  The  latter 
therefore  behaves  towards  light  as  any  spot  on  the  skin  would  do  ; 
we  do  not  experience  with  the  hand  any  sensation  of  black,  although 
no  luminous  impression  proceeds  from  the  hand.  As  the  visual 
impressions  of  the  contour  of  the  blind  spot  are  by  means  of  the 
visual  rays  localised  in  the  field  of  vision,  consciousness  must  logic- 
ally perceive  the  want  of  intermediate  luminous  points,  and  appears 
to  conceive  them  according  to  the  rules  of  'probability  (E.  H. 
Weber).  In  this  way  we  may  probably  explain  the  experiment 
described  at  page  399,  in  which  the  place  of  the  object  which  has 
disappeared  is  taken  by  the  colour  of  the  ground  and  not  by  a 
black  spot.  The  white  colour  of  the  paper  here  fills  up  the  gap  as 
the  most  probable  substitute. 

As  every  point  in  the  retina  merely  contains  a  definite  number 
of  terminations  of  the  optic  nerve  (rods  or  cones),,  any  image  can 
only  consist  of  a  limited  number  of  luminous  impressions  separated 
from  one  another  in  space  and  forming  a  kind  of  mosaic  or  em- 
broidery pattern.  But  the  mosaic  is  so  fine  that  there  may  result 
an  impression  as  of  a  continuous  drawing.  The  same  object  must 
appear  sharper,  the  greater  tlie  number  of  sensitive  retinal  elements 
over  which  its  image  is  distributed.  Hence  the  sharpness  with 
which  a  given  object  is  perceived  depends  (1)  upon  the  magnitude 
of  its  retinal  image ;  the  same  object  will  therefore  appear  sharper 
when  near  than  when  distant;  (2)  upon  the  situation  of  the  retinal 
image,  for  the  sensitive  retinal  elements  are  most  thickly  pressed 
together  in  the  fovea  centralis  and  the  macula  lutea,  whilst  they 
are  most  sparsely  scattered  near  the  borders  of  the  retina.  An 
object,  therefore^  which  is  situated  at  the  same  distance  will  be 
seen  most  sharply  when  its  image  falls  upon  the  centre  of  the 
retina;  hence  when  the  eye  looks  most  keenly  at  {ix.  is  fixed 
upon)  an  object,  it  is  so  turned  that  the  latter  throws  its  image 
upon  the  middle  of  the  retina,  on  the  fovea  centralis.  The  visual 
ray  which  strikes  the  fovea  centralis,  viz.  the  axis  of  vision,  does 
not  absolutely  coincide  with  the  optic  axis  of  the  eye,  but  is  bent 
backwards  and  3/  little  outwards  and  downwards  from  the  latter. 
The  two  form  an-  angle  of  3°'5-7°  with  one  another. 

This  deviation  of  the-  two  axes-  can  be  recognised  and  measured  by  causing 
the  centre  of  a  horizontally-placed  measuring  rod  to  be  fixed  by  the  eye  ob- 
served ;  at  one  end  of  the  rod  is  a  light,  at  the  other  the  eye  of  the  observer. 
The  three  luminous  reflexions  which  were  previously  referred  to  in  describing 
Mariotte's  experiment  do  not  then  appear  in  sjTnmetrically  similar  order  if  the 
observer  and  the  light  change  places  :  the  symmetry  is  only  restored  when  the 
observed  eye  is  fixed,  not  upon  the  centre,  but  on  a  point  somewhat  to  the  inner 
side  of  the  centre,  of  the- measuring  rod.  The  symmetry  is  even  then  not  abso- 
lutely perfect,  because  the- centreing  of  the-  three -refracting  surfaces  of  the  eye 
is  not  absolutely  true. 

An  object  will  further  not  generally  be  recognisable,  unless 
its  retinal  image  covers  a  sufficient  number  of  sensitive  retinal 
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elements,  so  that  consciousness  receives  a  number  of  impressions 
separated  from  one  another,  sufficient  to  characterize  the  form  of 
tlie  object.  It  has  been  found  that  two  points  of  an  image  must 
be  at  least  0-002™™  distant  from  one  another  when  falling  upon 
the  fovea  centralis  of  the  retina,  in  order  to  give  rise  to  two  sepa- 
rate impressions.  In  other  parts  of  the  retina  the  distance  must 
be  even  greater.  For  these  reasons  neither  very  minute  nor  very 
distant  objects  can  be  perceived  by  the  eye. 

The  size  (diameter)  of  the  retinal  image  is  evidently  always 
determined  by  the  size  of  the  visual  angle,  which  the  two  external 
lines  of  direction  proceeding  from  an  object  form  with  one  another: 
we  therefore  usually  say  that  objects  are  not  recognisable  under  a 
very  small  visual  angle.  In  order  to  be  able  to  recognise  such 
objects  the  visual  angle  must  be  artificially  increased,  and  with 
this  object  we  employ  in  the  case  of  small  objects  magnifying 
glasses  and  microscopes  ;  in  the  case  of  distant  objects,  telescopes. 

The  magnifying  glass  is  a  convex  lens  ;  the  oljject  is  placed  within  its  focal 
distance,  and  therefore  fiu-nishes  a  virtual,  erect,  and  magnilied  image  of  itself. 

In  the  solar  microscope  the  object  lies  outside  the  focal  distance,  near  to  the 
focal  poiut,  and  furnishes  therefore  a  real,  magnified,  inverted  image,  which  is 
received  on  a  screen.  In  the  compound  microscope  the  real  image,  wliich  is 
similarly  obtained,  is  not  seen,  but  by  means  of  a  convex  (collecting)  lens  it  is 
brought  somewhat  nearer  and  diminished  in  size,  and  then  is  observed  by  means 
of  a  magnifying  glass  (eyepiece  lens)  ;  it  therefore  remains  inverted.  In  all 
dioptric  telescopes  a  real,  inverted  image  of  distant  objects  is  thro^vn  by  the 
convex  lens  of  the  object-glass.  In  astronomical  telescopes  this  image  is  ob- 
served with  the  aid  of  a  convex  ej'epiece  lens,  and  it  remains  inverted  and 
becomes  virtual.  In  teiTestrial  telescopes,  the  real  inverted  image  is  looked  at 
through  a  compound  microscope  which  forms  the  object-glass,  and  is  therefore 
again  reversed,  and  therefore  seen  erect ;  in  the  Dutch  telescope  (opera-glasses) 
the  real  image  thrown  by  the  objective  becomes  by  means  of  an  interposed  con- 
cave lens  (iu  the  eyepiece)  reversed  and  virtual,  and  therefore  the  object  appears 
erect. 

By  the  magnifying  power  of  optical  instruments  we  understand  the  increase 
in  the  visual  angle  which  is  brought  about  by  them. 

In  the  case  of  instruments  which  furnish  real  images,  as  the  solar  micro- 
scope, the  magnif}ing  power  is  found  simply 

y=J^  =        =   (1) 

In  all  instruments  which  furnish  virtual  images  the  focal  distance  of  the  eye  of 
the  observer  exerts  an  influence,  for  the  virtual  image  to  be  distinctly  seen  must 
lie  at  the  distance  at  which  the  observer  is  accustomed  to  see  near  objects  clearly. 
If  the  eye  of  the  observer  is  placed  immediately  behind  the  magnifying  glass  or 
eyepiece  lens  respectively,  for  the  latter  -  ffg  =  s.    The  magnifying  power  v  of 

an  ordinary  magnifying  glass  is  therefore  =  —  ,  or,  as  by  (32) 

-  -  1  =  i  ,  it  follows  that 
«i     8  / 

y  =  M/.   (2) 

/   '  , 
The  magnifying  power  of  such  a  lens  is  therefore  relatively  less  for  short-sighted 
people  than  for  others. 

In  the  compound  microscope  the  object-glass  by  itself,  when     is  the  focal 
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distance,  a3  in  the  case  of  the  solar  microscope,  has  a  magnifying  power  found 
hy  the  following  formula : 

the  eyepiece,  of  which  let  the  focal  distance  be/j,  magnifies  by  itself  according 

S  4-  f 

to  the  following  formula,  v,  =  • 

The  total  magnifying  power  of  the  combination  is  therefore 

V  =  V  y   =  /i  C^+Z^)  (8) 

The  distance  between  the  object-glass  and  the  eyepiece,  i.e.  the  length  of  the 
microscope,  must  then  be  equal  to  the  siun  of  the  distances  of  the  images  of  the 
object-glass,  and  the  focal  distance  of  the  eyepiece  required  is  therefore  —a^^s; 
both  the  quantities  to  be  added  are  foimd  by  equation  (32),  so  that 

1  =    ^i/i    +   (4) 

«i  -/i    s  +/; 

Generally  in  microscopes  L  is  given  as  unchangeable,  so  that  a^,  the  distance  of 
the  object  from  the  object-glass,  must  be  changed  for  every  visual  distance  s ; 
the  magnifying  power  is  obtained  by  eliminating     from  (3)  and  (4).^ 

Even  the  influence  of  the  collecting  lens  can  easily  be  calculated,  though  its 
introduction  here  would  lead  us  too  far. 

In  the  case  of  astronomical  telescopes  the  magnifying  power  is 

y  =  fx  (s  +A)  «i  (5) 

The  length  has  the  same  value  as  in  (4)  ;  as  in  this  case  is  given  by  nature 
L  must  be  changeable  ;  from.  (4)  it  follows  that  the  telescope  must  be  drawn  out 
the  more,  the  smaller  the  magnitude  of  flj,  and  the  larger  that  of  s.    From  (5) 

Y=£y  and  from  (4),  L  =     +  /a ;  the  length  is  therefore  the  sum  of  the  focal 

distances  of  the  objective  and  eyepiece.  In  opera-glasses  it  is,  as  can  easily  be 
seen,  nearly  equal  to  the  difterence  of  the  focal  distances. 

The  smallest  distance  at  which  two  points  in  a  retinal  image  can  be  sepa- 
rately seen  is  foimd  by  the  following,  amongst  other,  methods  (Volkmann)  : — 

1.  Two  fine  threads  or  lines,  which  are  at  a  constant  distance  from  the  eye, 
are  approximated  to  one  another  until  they  can  no  longer  be  distinguished  one 
from  the  other,  and  then  the  distance  between  their  images  on  the  retina  is 
calculated.  Instead  of  approximating  the  objects  to  one  another,  they  can  also 
be  looked  at  with  the  aid  of  an  apparatus  for  diminishing  the  size  of  objects 
(macroscope). 

2.  A  point  very  near  to  the  centre  of  suspension  of  an  oscillating  penduhmi 
is  looked  at  from  difierent  distances,  until  its  movement  is  no  longer  percep- 
tible. In  these  experiments  iiTudiation  must  be  guarded  against.  In  the  older 
determinations  the  smallest  appreciable  distance  on  the  retina  was  found  to 
correspond  with  the  then  accepted  diameter  of  the  cones  (0'004""").  New  de- 
terminations have  led  to  both  the  magnitudes  being  diminished,  and  even  now 
an  agreement  between  the  two  may  be  affirmed  to  exist. 

The  cones  of  the  fovea  centralis  have  a  diameter  of  about  0"002""",  but  it 
appears  that  one  ought  to  consider  only  the  surface  which  bounds  the  outer  and 
inner  segment,  which  has  a  diameter  of  0-001""°  ,(M.  Schultze').    As  these  sur- 


'  As  the  magnifying  power  of  a  microscope  differs  for  different  eyes,  opticians  hnse 
their  statements  as  to  magnifying  power  upon  a  conventional  value  of  s  (genenilly  making 
it  0™'25). 


412      ACUTENESS  OF  VISION.    SUBJECTIVE  IMAGES. 


faces  naturally  are  at  some  distance  one  from  the  other,  it  may  possibly  occur 
that  in  central  sight  minute  points,  as  stars,  form  images  which  fall  iu  the  space 
between  the  cones,  and  so  disappear.    This  actually  does  occur  (Ilensen). 

For  the  perception  of  small  images  the  mode  of  disposition  of  the  mosaic  of 
retinal  elements  is  not  without  importance ;  in  tlie  yellow  spot  it  Ls  in  the 
rhombic  figures  formed  by  the  intersecting  of  neighbouring  cu'cles  that  the  cones 
are  situated  (M.  Schultze)- 

The  details  of  an  image  are  distinguished  partly  by  the  dif- 
ference in  brightness,  partly  by  the  difference  in  colour.  In  the 
latter  case  the  delicacy  of  th^  power  of  perception  does  not  depend 
upon  the  number  of  the  retinal  elements,  but  upon  the  number  of 
the  elements  capable  of  appreciating  colour  which  are  covered  by 
the  image.  In  the  centre  of  the  field  of  vision  the  two  circum- 
stances co-exist,  as  in  this  situation  cones  only  exist ;  towards  the 
periphery,  however,  the  power  of  distinguishing  colours  diminishes 
far  more  rapidly  than  the  pow«r  of  discriminating  differences  in 
luminous  intensity. 

Sul&jective  Images  and  Optical  Illusions. 

As  nervous  arrangements  play  a  part  in  the  perception  of 
light,  as  of  all  other  sensations,  modifications  of  nervous  excita- 
bility must  make  themselves  felt  in  connection  with  them,  and 
lead  to  abnormalities  or  illusions.  The  same  vibration  of  the 
ether  will,  for  instance,  give  rise  to  a  strong  or  weak  impression, 
according  to  the  degree  of  excitability  of  the  end-organs  of  tlie 
optic  nerve,  or  of  its  fibres,  or  even  of  the  central  organs  connected 
with  them.  Other-  circumstances  lead  to  actual-  errors,  to  a  per- 
ception of  a  luminous  impression  independent  of  rays  of  light,  or  to 
the  perception  of  other  rays  than  those  which  are  actually  present 
(colour-illusions).  Such  impressions  we  call  'subjective.'  The 
most  frequent  ai-e  the  following  :• 

1.  After-images.-  k  fibre  of  the  optic  nerve  having  been  ex- 
cited, persists^  in  its  excited  condition  for  some  time  after  the 
exciting  luminous  ray  has  ceased  to  act,  and  the  continuance  is 
long  and  intense  in  proportion  as  the  primary  excitation  was  long 
and  intense.  In  consequence  of  this,  after  every  luminous  impres- 
sion, the  object  which  has  been  seen  remains  visible  for  a  very 
short  time — an  after-image  heing  seen..  Upon  the  property  which 
has  been  alluded  to^  depends  the  appearance  of  a  fiery  circle,  which 
is  seen  when  a  burning  coal  is  swung  in  a  circular  path  before  the 
eyes.  The  following,  instruments  are  based  upon  the  existence  of 
persistent  images.  The  Thaumatrope  is  a  disk  rotating  in  front 
of  the  eyes,  near  the  circumference  of  which  a  body  which  is  con- 
tinually moving  is  represented  in  the  different  successive  stages  of 
its  movement,  so  that  each  figure  can  be  perceived  for  a  moment ; 
each  impression  then  persists  until  the  following  one  succeeds  it, 
and  in  this  way  the  movement  appears  continuous. 
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The  coloured  rotatory  disk  (Newton's  disk)  is  a  disk  turning 
with  rapidity  and  divided  into  sectors  of  various  colours;  the  colour 
of  one  sector  persists  during  one  whole  rotation,  so  that  a  mixture 
of  many  colomrs  is  presented  to  consciousness.  If  the  original 
luminous  impression  is  strv>ng,  the  persistent  (or  secondary)  image 
is  at  times  dark,  i.e.  the  excitabilit;y  of  the  fibres  has  been  for  the 
moment  diminished  by  fatigue,  so  that  a  dark:  place,  having  the 
same  situation  as  the  bright  object  seen  at  first,  appears  ;  this  is 
called  a  negative  after-image.  At  times  positive  and  negative 
secondary  images  alternate  for  a  period,  i.e.  the  momentarily 
abolished  irritability  returns  for  an  instant,  so  that  the  (positive) 
secondary  image  appears,  to  disappear  again,  &c.  The  secondary 
images  offer  some  peculiarities  when  the  primary  impression  has 
been  due  to  an  intense  light  or  to  a  prolonged  luminous  impres- 
sion. These  images  do  not  then  appear  of  the  same  positive 
colour,  but  often  of  another  contrasting  colour,  and  often  pass 
from  one  to  the  other  successively.  The  contrasting  colour  is 
always  that  one  which,  if  added  to  the  primary  colour,  would  give 
the  tint  of  ordinary  daylight  (which  is  not  pure  white,  but  a  little 
red),  and  therefore  the  '  contrasting '  is  very  neai'ly  the  same  as 
the  '  complementary  '  colour  (Briicke). 

Even  white  light  appears  after  a  luminous  impression,  amongst 
the  '  contrasting  colours ' ;  if,  for  instance,  we  place  a  colom-ed 
piece  of  paper  on  a  white  surface,  and  stare  fixedly  .at  it  for  some 
time,  and  then  look  at  the  white  surface,  there  appears  a  secondary 
image  possessing  the  form  of  the  coloured  piece,  but  of  the  con- 
trasting colour.  The  phenomena  of  contrast  may  be  explained  by 
supposing  the  exhaustion  of  the  retinal  elements  which  correspond 
to  the  primary  colours. 

Secondary  coloured  images  appear  also  after  impressions  pro- 
duced by  white  light,  when  these  have  been  very  intense  (after 
looking,  for  example,  at  the  sun) ;  ordinarily  a  succession  of  divers 
colours  appears,  sometimes  positive  and  negative  colours  alterna- 
ting. This  phenomenon  of  successive  contrast  of  colours  is  pro- 
bably explained  by  the  excitation  of  the  individual  colour-per- 
ceiving elements  lasting  for  different  periods  of  time  after  the 
luminous  impression  has  acted.  In  the  peripheral  parts  of  the 
retina  these  contrast-phenomena  are  modified  by  the  red-blind- 
ness (and  green-blindness),  which  are  characteristic  of  these  regions 
( Adamiik  and  Woinow). 

2.  Irradiation  becomes  perceptible  when  a  bright  object  on  a 
dark  ground  is  looked  at;  the  object  then  appears  to  be  larger 
than  it  really  is — conversely,  a  dark  object  on  a  bright  ground 
appears  smaller.  This  phenomenon  results  from  defective  accom- 
modation, whereby  the  bright  objects  furnish  blurred  images. 

Consciousness,  under  these  circumstances,  is  inclined  to  add  to 
the  predominating  part  of  the  image  the  half-illuminated  fringe 
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(which  is  equal  in  width  to  the  radius  of  the  diffusion-circle) ; 
now,  on  the  one  side  brightness  predominates  over  shade,  and  on 
the  other  the  object  over  the  ground  beneath  it.  If  the  ground  is 
black  and  the  object  white,  the  latter  appears  larger  at  the  cost  of 
the  former ;  if,  on  the  other  hand,  the  object  be  black  and  the 
ground  white,  the  second  influence  can  preponderate  so  much  over 
the  first,  that  even  black  lines  appear  broader  at  the  expense  of 
the  white  ground  (Volkmann). 

3.  Simultaneous  contrast  includes  a  series  of  phenomena 
which  depend  upon  the  comparison  of  two  colours  or  tints  bound- 
ing one  another  in  the  field  of  vision,  as  well  as  the  illusion  which 
results  therefrom. 

A  white  field  appears  the  brighter,,  the  darker  its  immediate 
surroundings  (a  white  trellis-work  upon  a  dark  ground  exhibits  at 
the  points  of  intersection  apparently  dark  spots,  for  here  the  sur- 
roundings of  the  white  spots  contain  less  black  than  the  remaining 
parts  of  the  trellis)  ;  similarly,  a  colour  appears  the  more  intense, 
the  more  completely  are  its  surroundings  destitute  of  it,  i.e.  the 
nearer  the  surrounding  medium  approaches  a  contrasting  colour. 
Conversely  on  a  (feebly  illuminated)  white  surface  those  com- 
ponents of  white  come  out  most  strongly  which  are  wanting  in 
the  vicinity ;  white  thus  appears  in  the  contrasting  colour  of  the 
vicinity  (the  shadow  of  a  rod  illuminated  by  a  candle  appears  in 
daylight  not  white  or  grey,  but  is  of  the  contrasting  colour  to  the 
yellow  candlelight,  viz.  blue). 

The  many  examples  of  actions  of  simultaneous  contrast  which 
occur  cannot  here  be  referred  to.  Phenomena  of  contrast  do  not 
appear  upon  wholly  unexcited  places  of  the  retina,  so  that  the  so- 
called  associated-sensations  are  in  no  way  identical  with  them 
(Rollett). 

4.  Amongst  subjective  phenomena  are  further  to  be  mentioned 
the  illusions  as  to  colour  which  originate  through  the  peripheral 
colour-blindness,  and  the  unequal  excitability  of  the  organs  engaged 
in  the  perception  of  colours,  e.g.  very  rapidly  intermitting  white 
light,  as  the  luminous  impression  does  not  last  long  enough  to 
excite  the  retinal  elements  which  are  sensitive  to  red,  appears 
greenish  (Briicke). 

5.  Excitations  of  the  light-perceiving  retinal  elements  due  to 
causes  which  are  purely  internal,  without  external  influence.  To 
this  class  belong :  a.  Mechanical  irritation,  brought  about  by  the 
circulation,  and  which  only  occurs  where  there  is  morbid  irrita- 
bility ;  under  these  circumstances  appearances  of  sparks, '  light- 
ning, &c.  may  be  seen ;  sometimes  there  appears,  especially  before 
sleep',  a  complete  image  of  the  retinal  vessels,  with  their  contained 
blood-corpuscles,  &c.  h.  Central  excitations  of  unkno\TO  origin 
and  manifesting  themselves  in  the  most  diverse  forms  ('  hallucina- 
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tions,'  '  phantasms  ')  ;  these  are  seen  especially  in  dreams,  in  the 
half-waking  state,  before  going  to  sleep,  and  in  diseased  condi- 
tions even  during  the  waking  state. 

Entoptical  Perceptions. 

'  Entiiptical '  phenomena  are  to  he  clearly  distinguished  from  such  as  are 
suhjective.  Entoptical  phenomena  are  visual  impressions  of  objects  which  are 
present  within  the  eye  itself.  The  most  important  of  such  phenomena  are: 
1.  Perceptions  of  opacities  and  obscurations  of  the  refracting  media  of  the  eye. 
These  are  apparent  when,  by  illimiinating  the  eye,  their  shadows  fall  upon  the 
retina,  and  they  are  best  seen  when  parail&l  luminous  rays  traverse  the  eye. 

Thej^  appear  in  the  form  of  dark  spots,  balls,  streaks,  rows  of  pearls,  &c. ;  in 
part,  they  are  fixed,  in  part  (those  of  the  vitreous  humour),  they  change  their 
position,  especially  during  sudden  movements  of  the  eye  or  of  the  head. 

2.  Perceptions  of  the  retinal  vessels,  brought  about  by  their  shadows  falling 
upon  the  layer  of  rods.  In  order  to  bring  out  these  shadows  they  are  directed 
upon  the  lateral  parts  of  the  retina,  which  are  seldom  lighted  up,  by  causing  an 
intense  light  to  fall  upon  the  transparent  sclerotic,  or  the  shadows  are  made  to 
move  by  causing  a  luminous  point  to  pass  backwards  and  forwards  before  the 
eye.  Under  these  circumstances  a  dark  delineation  of  the  vessels,  on  an  illumi- 
nated field,  is  perceived  ;  even  the  border  of  the  fovea  centralis  is  recognisable 
by  a  shadow  (Purkinje's  figures). 

3.  The  perception  of  the  blood-corpuscles  in  the  retinal  capillaries,  when  the 
eye  is  very  feebly  illuminated  (as  by  a  layer  of  snow,  a  lamp-globe,  or  (Griin- 
hagen)  a  dark  blue  glass  held  before  the  sun)  ;  this  phenomenon  is,  as  yet,  not 
fully  explicable. 

4.  Haidinger's  brushes.  When  polarized  blue  light  or  polarized  light  con- 
taining blue  rays  falls  into  the  eye  (as,  for  instance,  when  one  looks  at  the  sky 
through  a  NicoVs  prism,  or  even  with  the  naked  eye,  as  the  blue  rays  of  the  sky 
are  already  polarised),  a  brush-like  figure  is  observed,  which  moves  with  the  eye. 
The  cause  of  this  figure  is  to  be  sought  for  in  the  presumedly  doubly-refracting 
fibres  of  the  yellow  spot,  which  when  impinged  upon  by  polarized  light  at 
various  angles,  absorb  in  one  place  more,  in  another  less,  and  so  give  rise  to  the 
above-named  phenomenon  (Helmholtz). 


Movements  of  the  Eye. 

The  eye  is  capable  of  very  extensive  movements  in  the  orbit,  and 
the  absolute  mobility  of  the  organ  of  vision  is  considerably  increased 
by  that  of  the  head  as  a  whole.  Hence  it  is  possible  in  any  posi- 
tion of  the  body  to  observe  objects  in  all  situations  of  space,  i.e.  so 
to  place  the  eye  as  to  cause  the  retinal  image  of  any  object  to  fall 
on  \he  fovea  centralis  retince.  Ther great  mobility  of  the  eyeball 
depends  upon  the  mode  of  its  attachment  to  the  orbit.  It  rests  on 
the  pad  of  fat  of  the  orbit,  as  the  head  of  a  bone  in  a  ball  and 
socket  joint  rests  in  the  hollow  cavity,  and  it  can  therefore  rotate 
around  innumerable  axes.  These  movements,  which  are  effected 
by  the  muscles  of  the  eye,  are  held  in  check,  firstly,  by  the  points 
of  attachment  of  antagonizing  muscles,  and,  secondly,  by  tlie  at- 
tachment of  the  optic  nerve.  In  addition  to  the  movements  of 
rotation,  changes  in  the  position  of  the  globe  as  a  whole  can  occur 
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in  consequence  of  the  yielding  nature  of  the  surroundings— in  this 
case  'the  joint-cavity  is  displaceable  '  (Ludwig). 

The  point  of  rotation  of  the  eyeball  does  not  lie,  as  was  sur- 
mised a  jjviori  and  as  was  concluded  from  researches  (Volkmann), 
in  the  middle  of  the  visual  axis,  but  (Bonders  and  Doijer,  Tick  and 
Miiller)  in  the  case  of  normal  eyes  1-77"""  behind  it. 

It  is  to  be  noticed  that  when  tlie  eyelids  are  forcibly  opened, 
the  eyeball  protrudes  somewhat  from  the  orbit,  probably  by  the 
contraction  of  both  the  oblique  muscles  ;  the  movement  forwards 
is  most  marked  when  the  eyes  look  horizontally  or  downwards,  and 
then  it  amounts  to  about  1'""  (Fick  and  Miiller). 

To  understand  the  changes  in  the  situation  of  the  globe  and 
the  arrangement  and  mode  of  action  of  its  muscles,  we  must  assume 
the  existence  of  certain  fixed  points  and  lines  in  the  eyeball,  the 
changes  in  the  situation  of  which  furnish  a  measure  of  the  move- 
ments of  the  eye.  One  line  in  the  eye  is  given  by  its  anatomical 
construction,  viz.  the  visual  axis,  which  is  the  principal  ray  pro- 
ceeding from  a  fixed  point,  the  situation  of  which  in  relation  to 
the  optic  axis  has  already  been  referred  to  (p.  409).  Start- 
ing from  the  fovea  centralis,  which  may  be  considered  to  be  one 
pole  of  the  eyeball,  two  meridians  at  right  angles  to  one  another 
may  be  drawn  on  the  retina.  Their  position  is  determined  by 
certain  physiological  properties  of  the  eye  ;  they  divide  the  retina 
into  four  quadrants  which  have  in  the  two  eyes  certain  reciprocnl 
relations,  and  they  are  called  lines  of  separation  (one  of  which  is 
horizontal,  the  other  vertical). 

If  we  now  imagine  a  plane  passing  through  the  eye  at  the 
centre  of  the  visual  axis  and  perpendicular  to  it,  it  will  cut  the 
spherical  surface  in  a  great  circle  perpendicular  to  the  meridians, 
which  we  designate  the  equator  of  the  eye,  the  plane  being  termed 
the  '  equatorial  plane.''  We  have  then  three  great  circles  perpen- 
dicular to  one  another  (the  equator  and  two  meridians)  :  the  planes 
corresponding  to  these  circles  intersect  one  anocher  in  three 
diameters  at  right  angles  to  one  another  ;  these  are  :  one  sagittal 
(the  visual  axis)  ;  another  vertical,  and  a  third  horizontal.  These 
may  be  employed  as  a  system  of  co-ordinates  movable  with  the  eye 
and  indicating  its  movements.  A  second  system  of  co-ordinates 
absolutely  fixed  in  space,  and  coinciding  with  the  movable  system 
when  the  eye  is  in  its  position  of  rest,  must  also  be  assumed  to  exist. 
In  any  other  position  of  the  eye  two  or  three  of  the  corresponding 
axes  of  the  two  systems  must  form  angles  with  one  another. 

The  movements  of  the  eye  are  especially  of  importance  in  bring- 
ing about  the  combined  positions  of  the  eyes  and  are  limited  by  the 
latter.  That  position  is  assumed  as  tlie  position  of  rest,  from 
which  all  movements  may  be  supposed  to  start.  This  so-called 
^primary  position '  is  one  in  which  all  three  axes  of  one  eye  are 
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parallel  to  those  of  the  other,  and  the  transverse  axes  lie  in  one 
straight  line,  the  visual  axes  being  therefore  antero-posterior 
(sagittal)  from  within  outwards. 

It  is  obvious  that  this  position  can  be  associated  with  a  volun- 
tary inclination  of  the  visual  axes  to  the  horizon.  Amongst  all 
such  possible  positions  there  is  one  to  be  mentioned  as  a  -primary 
'position,  properly  so  called,  namely,  that  inclination  in  which  con- 
vergent movements  of  the  visual  axes  may  occur  without  the  eyes 
requiring  visibly  to  rotate  around  their  visual  axes,  as  is  the  case 
in  all  other  positions.  The  determination  of  this  inclination  will 
be  given  below.  It  has  now  been  established  (Listing,  Meissner, 
Helmholtz)  that  tvhen  the  eye  moves  from  the  primary  position, 
its  movements  take  place  around  axes  situated  in  the  equatorial 
plane  {so  that  the  visual  axis  is  always  perpendicidar  to  the 
axes  of  rotation  and  that  rotations  never  take  place  around  the 
visual  axis).  Amongst  the  innumerable  axes  which  may  be  sup- 
posed to  exist  in  the  equatorial  plane,  there  are  two  which  are  first 
to  be  mentioned,  viz.  those  which  are  at  the  same  time  co-ordinate 
axes,  viz.  the  transverse  axis  and  the  vertical  axis.  Rotations 
around  these  two  axes  lead  to  the  '  secondary  positions '  of  the  eye. 
Rotation  around  the  first  merely  occasions  an  olteration  of  the  in- 
clination towards  the  horizon  and  the  parallelism  of  the  axes  con- 
tinues ;  rotation  around  the  vertical  axes  produces  a  rotation 
inwards  or  outwards,  and  consequently  a  convergence  or  divergence 
of  the  visual  axes,  the  inclination  to  the  horizon  continuing  the 
same.  Thus  in  the  first  case  the  plane  of  vertical  separation,  but 
not  that  of  horizontal  separation,  coincides  with  that  which  corre- 
sponds to  it  in  the  fixed  system  of  co-ordinates  ;  in  the  second  case 
the  converse  is  true. 

Rotations  around  other  axes  lying  in  the  equatorial  plane  of  the 
eyeball  lead  to  '  tertiary  positions '  of  the  eye.  As  every  such  rota- 
tion can  resolve  itself,  according  to  simple  rules,  into  a  rotation 
around  the  vertical  axis  and  a  movement  around  the  transverse 
axis,  it  follows,  in  the  first  place,  that  tertiary  positions  are  as 
much  associated  with  convergence  of  the  visual  axes  as  with  their 
change  of  inclination  to  the  horizon,  and,  secondly,  that  neither 
the  vertical  nor  the  horizontal  plane  of  separation  coincides  with  the 
planes  which  correspond  to  them  in  the  fixed  system  of  co-ordi- 
nates ;  they  are  both  inclined  the  one  to  the  other.  The  eyes  have 
therefore  undergone  in  the  tertiary  positions  an  apparent  rota- 
tion around  their  visual  axes,  in  the  same  direction  as  the  hand 
of  a  watch  moves,  when  directed  to  the  left  looking  upwards,  when 
to  the  right  downwards.  Every  position  of  the  visual  axes  is  there- 
fore associated  with  a  certain  rotation  of  the  eye,  which  can  be 
deduced  from  Listing's  law. 

If  a  be  the  vertical  and    the  horizontal  deviations  of  the  visual  axis  from 
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the  primary  position,  the  angle  of  rotation  ('  Raddrehungswinkel ')  is  found  by 
the  equation  (Helmholtz) 

sin  a  sin  8 

—  tan  y  - 


or 


cos  a  +  cos  /3' 

•tan^  =  tan      tan  ^; 
•2  2        2 ' 


0  or  /3  =  0  (secondary  positions)  the  rota- 


these  equations  show  that  when  a 
tion  is  0. 

If  we  denominate  the  plane  of  both  visual  axes  the  visual  plane,  then  the 
horizontal  meridian  of  the  retina,  either  in  the  primary  or  secondary  position, 
coincides  with  the  visual  plane,  but  differs  from  it  in  tertiary  positions ;  the 
angle  which  both  planes  form  is  the  angle  of  rotation.  With  the  help  of  the 
visual  plane  the  positions  of  the  eye  can  also  be  defined  as  follows.  In  the 
primary  position  the  visual  plane  has  a  determined  inclination  ;  the  visual  axes 
are  parallel  and  perpendicular  to  the  line  which  unites  the  points  of  rotation  of 
the  two  eyes.  Secondary  positions  arise  either  when  the  visual  plane  alters  its 
inclination,  the  visual  axes  remaining  fixed  in  it,  or  when  the  visual  plane  re- 
maining fixed,  the  visual  axes  change  their  position  in  it.  All  other  positions 
are  tertiai-y  jJositions. 

The  necessaiy  result  of  Listing's  law,  according  to  which  every  deviation  of 
the  visual  axes  from  the  primary  position  indicates  the  inclination  of  the  meridian 
of  the  retina  to  the  visual  plane,  and  therefore  the  position  of  the  whole  eye, 
can  be  deduced  from  tbe  '  principle  of  the  easiest  orientation  '  (Helmholtz).  As, 
namely,  the  orientation  in  vision  depends  upon  the  appreciation  by  our  con- 
sciousness of  the  position  of  the  visual  axes  in  reference  to  the  head,  and  upon 
our  estimation  of  the  '  angle  of  rotation,'  we  need  not  calculate  the  latter.  We 
learn  by  experience,  or  probably  by  an  inherited  automatism  which  had  its 
origin  in  experience  (refer  to  the  review  of  Darwin's  pi-inciple  in  Chap.  XII.), 
to  associate  with  every  position  of  the  visual  axes  a  definite  '  angle  of  rotation.' 

A  further  mathematical  extension  of  the  '  principle  of  easiest  orientation  ' 
teaches  that  the  most  convenient  point  of  departure  (primary  position)  is  that  in 

which  the  visual  axis  is  exactly  in  the 
centre  of  its  field  of  movement  {i.e.  in 
the  centre  of  the  cone  of  the  orbit,  and 
that  it  can  only  deviate  from  this  position 
by  rotations  of  the  bulb  around  the  dia- 
meter of  the  equatorial  plane  (Listing's 
law).  The  primary  position  is  in  fact  the 
median  position  of  the  eye. 

Tbe  newly  discovered  facts  (Javal, 
Skrebitzky,  Nagel)  that  when  the  head 
is  inclined  to  either  side  a  true  (com- 
pensating) circular  rotation  takes  place, 
which  appears  to  be  immutablj"^  connected 
with  the  movement  of  the  head,  in  no  way 
contradicts  Listing's  principle. 

Let  fig.  60  represent  a  vertical  plane 
placed  before  the  eye  at  the  (reduced) 
distance  A  B,  and  let^  be  its  point  of  in- 
tersection with  the  visual  axis  in  tbe 
primary  position.  If  the  eye  now  looks 
at  any  other  point  of  intersection  of  the  figure,  the  lines  (correspondingly  reduced) 
represent  the  direction  in  which  the  planes  of  the  horizontal  and  vertical  meri- 
dians of  the  eyeball  intersect  the  observed  plane.  It  can  be  seen  that  these 
directions  remain  horizontal  or  vertical  in  secondary  positions,  i.e.  in  positions 
within  the  lines  hh  and  vv;  in  all  other  (tertiary)  positions,  however,  the 
circular  rotation  must  deviate  from  the  horizontal  or  vertical  direction.    If  in  the 
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primary  position  the  vertical  strongly-marked  cross  at  p  be  looked  at  fixedly, 
so  that  an  after-image  is  impressed  upon  the  vertical  and  horizontal  meridians, 
that  image  remains  unaltered  in  the  secondary  positions  (s,  s^),  but  takes  up  in 
the  tertiary  positions  t  and  the  situations  given,  appearing  therefore  oblicjue, 
and  at  the  same  time  no  longer  rectangular,  corresponding  to  the  lines  of 
intersection  of  the  two  meridian  planes  with  the  observed  plane.  If  the  cross  at 
p  were  placed  like  the  dotted  cross,  so  that  one  of  its  limbs  fell  on  the  line^  ^ 
no  distortion  of  the  secondary  image  occurs  at  t.  If  the  plane  which  is  looked 
at  be  provided  with  horizontal  and  vertical  lines,  Listing's  law  may  easily  be 
proved  and  confii-med  by  means  of  the  situation  of  the  secondary  images 
(Helmholtz). 

The  Muscles  of  the  Eye. 

The  mode  of  action  of  each  individual  muscle  of  the  eye,  i.e. 
the  position  of  the  axis,  around  which,  if  it  acted  independently,  it 
would  move  the  eye,  can  be  calculated,  provided  that  the  situation 
of  its  origin  in  the  orbit  and  the  position  of  its  attachment  to  the 
bulb  be  known.  The  situation  of  these  points  is  expressed  by  the 
length  of  the  abscissae  cut  off  by  the  perpendiculars  drawn  from 
them  to  the  three  fixed  co-ordinate  axes. 

The  situation  of  the  axis  is  determined  by  the  three  angles 
which  it  forms  with  the  three  co-ordinate  axes  of  the  eye  in  its 
initial  position.  In  this  way  the  following  positions  of  the  axes 
have  been  determined  in  the  case  of  the  six  muscles  of  the  eye 
(Fick);  the  initial  position  coincided  approximately  with  the 
primary  position. 


Muscles 

Angle  which  the  axis  of  rotation  forms  with  the 

Visual  axis 

Vertical  axis 

Horizontal  axis 

Rectus  superior .... 
„     inferior  .... 
„  externus 

,,     internus .... 
Obliquus  superior 
„  inferior 

111°  21' 
63°  37' 
96°  15' 
85°  1' 

150°  16' 
29°  45' 

108°  22' 
114°  28' 
9°  15' 
173°  13' 
90°  0' 
90°  0' 

151°  10' 
37°  49' 
95°  27' 
94°  28' 
60°  16' 

119°  44' 

For  the  chosen  initial  position  there  does  not  exist,  as  may  be 
seen,  any  axis  of  rotation  in  the  equatorial  plane  of  the  eye,  other- 
wise it  would  form  a  right  angle  with  the  visual  axis.  The  axes 
of  rotation  of  the  internal  and  external  recti  are  very  close  to  the 
vertical  axis,  so  that  actually  they  rotate  the  cornea  almost  simply 
inwards  or  outwards.  The  axes  of  the  two  oblique  muscles,  on 
the  contrary,  are  situated  exactly  in  the  horizontal  plane,  at  eacli 
side  of  the  visual  axis,  each  being  at  a  distance  of  about  30°  from 
it,  so  that  the  superior  oblique  draws  the  cornea  outwards  and 
downwards,  whilst  the  inferior  oblique  draws  it  outwards  and 
upwards.  The  axes  of  rotation  of  the  recti,  superior  and  inferior, 
are  considerably  deviated  from  the  horizontal  axis,  so  that  the 
former  rotates  the  cornea  upwards  and  inwards,  the  latter  down- 
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wards  and  inwards.  From  the  angles  we  conclude  that  each  of  the 
three  pairs  of  muscles  has  approximately  a  single  axis,  and  there- 
fore acts  almost  antagonistically  to  the  others. 

As  all  the  real  movements  of  rotation  of  the  eye  are  effected 
around  the  diameter  of  the  equatorial  plane,  it  follows  that  several 
muscles  must  co-operate  in  the  production  of  almost  any  move- 
ment. This  has  actually  been  ascertained  to  be  the  case  with  eyes 
which  have  been  partially  paralysed. 

Fig.  51  exhibits  a  horizontal  section  of  the  left  eye;  ss,  is  the 
visual  axis,  and  gg,  the  transverse  axis.  This  plane  contains,  ac- 
cording to  what  was  previously  stated,  the  axes  of  rotation  of  the 
recti  rr,  and  of  the  oblique  muscles  oo,. 

If  the  moments  of  rotation  be  expressed  by  lines  corresponding 
to  the  axes  of  rotation,  and  drawn  to  the  one  side  or  to  the  other 
of  the  point  of  rotation,  these  moments  of  rotation  may,  in  a 
manner  quite  analogous  to  the  parallelogTam  of  forces,  be  com- 
bined into  resultant  moments  of  direction  ;  the  diagonal  of  the 
Yic,,  51.  parallelogram  gives  by  its  direction 

^  J,  the  situation  of  the  resulting  axis  of 

rotation,  and  the  direction  of  the 
\  rotation,  whilst  its  length  furnishes 

\^     ^^^.the  magnitude  of  the  resulting  rota- 
fV^L  '     ting  force.  Conversely,  rotations  can 
-IitV'    ^®  decomposed  according  to  given 
1    '^t^axes.    Thus  the  diagram  shows  that 
/         to  produce  a  rotation  of  the  bulb 
around  the  horizontal  axis  to  the 
extent  c  q,  the  rectus  superior  and 
^'  obliquus  inferior  must  act  together, 

and  in  the  relations  indicated  by  c  a 
and  c  b.  For  an  equal  rotation  c  q,  in  the  opposite  direction,  the 
obliquus  superior  and  the  rectus  inferior  must  co-operate  in  the 
relations  indicated  by  the  lines  c  d  and  c  e. 

Further,  the  iigure  shows  that  the  rectus  inferior  by  itself  can 
bring  about  not  merely  a  rotation  around  the  horizontal  axis  c 
but  also  one  around  the  visual  axis  (c/).  The  consideration  and 
estimation  of  muscular  action  necessary  to  produce  any  given 
movement  are  such  very  complex  processes,  especially  because  as 
soon  as  the  smallest  changes  in  the  position  of  a  muscle  have  set 
in  its  axis  of  rotation  has  become  altered,  that  the  subject  cannot 
here  be  pursued  further. 

The  nerves  which  preside  over  the  movements  of  the  eyeball 
are,  the  oculomotor  (3rd),  the  IST.  abducens  (6th),  and  the  trochlear 
nerve  (4th).  These  nerves,  which  contain  a  large  number  of 
fibres,  and  the  actions  of  which  can  be  varied  with  great  rapidity, 
are  united  on  the  two  sides  of  the  brain  by  a  certain  bond,  which 
tends  to  limit  the  movements  brought  about  under  their  influence. 
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This  association  leads,  in  the  first  place,  to  only  such  movements 
happening,  as  result  in  both  visual  axes  being  in  the  same  plane 
(visual  plane),  so  that  when  they  are  not  parallel,  if  prolonged, 
they  meet  and  intersect  at  a  point ;  they  have,  therefore,  so  long 
as  the  head  is  held  erect,  the  same  inclination  towards  the  horizon, 
for  the  two  points  of  rotation  can  be  considered  fixed.  Further, 
their  reciprocal  inclination  is  limited,  so  that  they  only  diverge 
to  a  very  slight  extent  anteriorly,  whilst  they  can  converge  to 
any  required  extent  in  so  far  as  their  position  will  admit  of  it. 
The  mechanism  by  which  this  association  of  movements  is  effec- 
ted is  altogether  a  puzzle.  Deviations  from  its  normal  condition 
constitute  squinting  (strabismus).  Tlie  central  organ,  which  co- 
ordinates the  movements  of  the  eye,  is  situated  in  the  corpora 
quadrigemina. 

Binocular  Vision. 

Normally  the  two  eyes  act  together,  and  the  advantages  which 
result  from  this  association  are  the  following  :  1.  Correction  of  the 
faults  of  the  one  eye  by  the  other.  2.  The  perception  of  space  is 
more  perfect,  because  when  we  look  at  an  object  from  two  different 
points  of  view,  instead  of  observing  a  mere  projection  of  it  in  a 
surface,  its  third  dimension  in  space  is  appreciated.  3.  A  more 
accurate  estimate  of  the  magnitude  and  the  relative  distances  of 
objects  is  formed. 

Simple  Vision. 

Though  we  look  at  external  objects  with  both  eyes,  these  in 
general  are  seen  as  single  ;  this  can  only  depend  upon  the  fact  that 
the  excitation  of  certain  associated  spots  on  the  two  retinae  is  re- 
ferred by  consciousness  to  the  same  point  in  space — or,  in  other 
words,  that  both  eyes  possess  but  a  single,  common  field  of  vision, 
and  that  the  luminous  impression  which  originates  by  the  excita- 
tion of  two  associated  points,  appears  at  one  point  in  the  field  of 
vision.  Such  associated  points  are  called  corresponding  or 
identical  points.  An  object  which  is  seen  single  by  the  two  eyes, 
whatever  their  position,  must  therefore  project  its  image  on  the 
two  retinae  in  such  a  manner  that  the  two  points  of  the  image 
which  correspond  to  one  point  of  the  object  fall  upon  correspond- 
ing points  on  the  retinae.  If  one  of  the  two  eyes  be  deviated,  to 
however  small  an  extent,  a  double  image  must  at  once  originate. 
We  shall  subsequently  refer  more  in  detail  to  the  nature  of 
'  Identity.' 

Situation  of  Corresponding  or  Identical  Points.  Horopter. 

Concerning  the  relative  positions  of  corresponding  points,  the 
following  laws  are  apparent : 
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1.  As  an  object  c,  which  is  looked  at  fixedly  by  both  eyes,  and 
the  images  of  which  fall,  consequently,  upon  the  terminations  of 
the  visual  lines  c  and  c„  is  seen  single,  the  two  terminations  of  the 
visual  axes  c  and  c,  must  be  corresponding  points. 

2.  If  the  centre,  c,  of  an  object,  which  is  seen  single,  be  looked 
at,  it  follows,  as  the  simple  construction  of  the  figure  shows,  that 
the  identical  points  which  correspond  to  all  points  of  the  right  half 
of  the  retina,  lie  on  the  right  side  of  the  other  retina  also,  and  con- 
versely. Further,  that  the  upper  half  of  the  retina  of  one  eye 
corresponds  to  the  upper  half  of  the  retina  of  the  other  eye,  and  the 
lower  half  of  the  one  to  the  lower  half  of  the  other. 

Let  the  circles  l  and  r  represent  projections  of  the  iwo  retinae. 


the  similarly  designated  quadrants  a,  a,,  &c.,  are  corresponding. 
The  two  meridians  which  separate  these  identical  quadrants  are 
called  lines  of  separation  (vertical  and  horizontal). 

3.  It  follows,  further,  that  corresponding  points  on  the  two 
vertical  lines  of  separation  must  be  identical,  and  this  is  also  true 
of  points  on  the  horizontal  lines. 

If  in  a  given  position  of  the  eye  the  visual  rays  belonging  to 
two  corresponding  points  be  drawn  and  prolonged  beyond  the  eye 
until  they  intersect,  the  points  of  intersection  will  evidently  be  the 
points  which  in  that  position  of  the  eyes  appear  single.  The  term 
horojpter  is  given  to  the  combination  of  all  those  points  in  space 
which,  for  any  one  position  of  the  eyes,  appear  single.  If  the 
horopter  had  been  perfectly  determined  for  any  position  of  the 
eyes,  the  relation  in  the  position  of  corresponding  points  would 
obviously  be  likewise  determined,  and  the  horopter  for  any  otlier 
position  of  the  eyes  might  be  constructed.  Conversely,  when  the 
relation  of  the  situation  of  these  points  is  known,  the  lioropter  for 
any  position  of  the  eye  can  be  deduced.  In  so  far  as  the  relative 
positions  of  the  points,  the  most  simple  statement  is  the  following: 
[f  the  two  retince,  tvith  their  corresponding  lines  of  separation, 
he  imagined  to  he  superpcszd,  all  the  points  which  coincide,  o?' 
touch,  are  corresponding  points. 


Fig.  52. 


Fig.  53. 


HOROPTER. 


423 


This  statement  is  not  rigorously  true,  even  if  the  form  of  tlie  retina,  which 
is  not  perfectly  spherical,  be  taken  into  account.  The  vertical  meridians  are 
not  perfectly  identical,  and  the  true  vertical  lines  of  separation  do  not  exactly 
coincide  with  them,  above  being  inclined  outwards,  and  below  being  inclined  in- 
wards. The  physiological  vertical  axis  is  therefore  somewhat  inclined  to  the 
geometriciil  axis. 

With  the  help  of  the  above  data  the  horopter  can  be  determined 
mathematically  or  geometrically.  The  results  of  calculations  are 
confirmed  by  experiments,  and  the  latter  establish  the  correctness 
of  the  relations  in  the  position  of  corresponding  points  on  the 
retinae. 

A  general  deduction  relating  to  the  horopter  can  be  arrived  at 
by  the  following  method  (Helmholtz).  Every  point  on  the  retina 
may  be  considered  as  a  point  of  intersection  of  a  meridian  and  of 
a  '  parallel  circle '  (parallel  circles  being  such  concentric  circles  as 
pass  around  the  fovea  centralis,  which  is  the  pole  of  the  retinal 
sphere).  It  is  possible  to  calculate,  1,  the  'meridian  horopter,' i.e. 
the  assemblage  of  lines  of  intersection  of  two  planes  passing  through 
identical  meridians,  and  the  nodal  points;  2,  the  '  circular  horopter,' 
that  is  to  say,  the  assemblage  of  the  intersections  of  two  conical 
surfaces  passing  through  identical  parallel  circles  and  the  nodal 
points ;  3,  the  point-horopter,  i.e.  the  horopter  of  corresponding 
points,  which  obviously  is  the  intersection  of  the  meridian  and 
circular  horopters. 

A  second  method  of  deduction  (Hering,  Helmholtz)  considers 
the  plane  of  the  vertical  meridian  as  rotating  around  the  vertical 
axis,  and  the  plane  of  the  horizontal  as  rotating  roimd  the  hori- 
zontal axis ;  the  sections  of  retina  so  obtained  are  termed  longi- 
tudinal and  transverse  sections.  I^ongitudinal  sections  which  make 
the  same  angle  with  the  plane  of  the  vertical  meridian  are  identical. 
The  lines  of  intersection  of  the  planes  of  coiTesponding  longitudinal 
sections  constitute  together  the  '  horopter  of  the  longitudinal  sec- 
tions.' Similarly,  the  identical  transverse  sections  form  a  system 
of  intersecting  lines — the  horopter  of  the  transverse  section. 
The  intersection  of  the  two  horopters  is  the  point-horopter  sought 
for. 

Both  methods  must,  if  rightly  carried  out,  furnish  the  same 
results.  Each  method  possesses  special  interest,  for  not  only  the 
point-horopter,  but  the  line-horopter  is  of  importance.  This  re- 
mark specially  applies   to  the  previously  mentioned  meridian 

Fig.  54. 
A       a  B  b 

horopter.  A  straight  line,  which  is  fixed  at  one  point,  naturally 
forms  an  image  of  itself  in  a  meridian  of  the  retina.  If  now  a  line 
throws  an  image  upon  two  identical  meridians,  it  must  appear 
single,  even  though  its  individual  points  do  not  fail  upon  identical 
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points,  for  the  double  images  then  are  superposed  in  the  field 
of  vision,  as  the  lines  a  b  and  a  b  in  fig.  54.  The  meridian 
horopter  or  the  normal  surface  (v.  Eecklinghausen)  possesses  the 
property  that  all  straight  lines  falling  upon  it  appear  single, 
though  all  the  points  lying  in  it  do  not  do  so. 

For  practical  purposes  the  second  of  the  two  methods  previously 
referred  to  is  more  convenient,  chiefly  because  it  permits  of  our 
taking  into  account  the  deviation  of  the  physiological  vertical 
meridian.  The  results  of  the  calculation  cannot  here  be  discussed, 
as  an  exhaustive  treatment  of  the  difficult  problem  of  horopters 
would  not  be  consistent  with  the  object  of  this  handbook,  and  in- 
stead of  attempting  it,  those  determinations  of  horopters  will  be 
treated  of  which  can  be  arrived  at  by  simple  geometrical  considera- 
tions. 

1 .  In  the  primary  position,  and  in  secondary  positions  when 
the  visual  axes  are  parallel  and  directed  forwards,  the  horopter 
is  a  plane  parallel  to  the  plane  of  vision  passing  through  the  point 
of  intersection  of  the  vertical  axes  of  the  two  eyes.  As  it  is  the 
physiological  vertical  axes,  however,  which  are  here  concerned,  and 
as  their  point  of  intersection  is  situated  about  five  feet  below  the 
field  of  vision,  it  follows  that  the  plane  of  the  horopter,  which 
would  otherwise  be  at  an  infinite  distance  below,  is  only  five  feet 
below  the  visual  plane.  If,  therefore,  we  look  horizontally  into 
infinite  distance,  the  ground  constitutes  the  horopter-surtace — 
a  fact  which  is  of  great  importance  for  sight  in  this  position 
(Helmholtz). 

2.  In  secondary  symmetrical  positions,  when  the  visual  axes 
are  convergent,  the  horopter  is  as  follows  :  two  lines  in  the  horopter 

must  be  determined,  viz.  one  which  corre- 
sponds to  the  identical  points  in  the  hori- 
zontal lines  of  separation,  and  one  which 
corresponds  to  the  identical  points  in  the 
vertical  lines  of  separation  (a  transverse 
section  of  the  horopter  formed  by  the  plane 
\  of  vision,  and  a  median  section  of  the 
1^  horopter). 

(a.)  The  transverse  section  of  the  ho- 
ropter is  a  circle  (J.  Miiller).  In  fig.  55 
the  two  transverse  sections  of  the  eyes  pass 
through  tlie  horizontal  lines  of  separation. 
The  transverse  section  of  the  horopter  must  therefore  be  in  the  plane 
of  the  paper  (visual  plane) ;  c  and  c^  are  the  extremities  of  the 
visual  axes,  c  is  the  fixed  point.  If  now  for  two  points,  as  a  and 
6  in  the  horizontal  line  of  separation,  we  seek  the  identical  points 
on  the  other  side,  the  latter  must  evidently,  1,  lie  on  the  same  side 
of  the  termination  of  the  visual  axis;  2,  be  equally  distant  from 
the  visual  axis  ;  they  lie,  therefore,  at  a^  and  by.    The  visual  rays 
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which  belong  to  these  intersect  at  the  points  a  and  B,  which  are 
therefore  points  in  the  horopteric  line  sought  for.  It  is  readily 
seen  by  looking  at  the  drawing  of  the  angles  at  the  nodal  points 
k  and  \  that  the  angles  at  a,  b,  and  o  (7)  are  equal.  As  they  all 
proceed  from  the  common  points  k  and  /<:,,  they  must  be  all  peri- 
pheral angles  of  a  circle  h  h,  passing  at  once  through  k  and  k^ 
But  as  this  is  the  transverse  horopter-line  sought  for,  the  visual  rays 
proceeding  from  all  the  other  identical  points  on  the  lines  of  hori- 
zontal separation  must  here  intersect. 

(6.)  The  median  section  of  the  horopter,  on  the  other  handj  is 
a  straight  line,  perpendicular  to  the  visual  plane,  and  therefore  in- 
clined to  the  horizon — the  line  in  which  the  two  planes  which  pass 
through  the  vertical  lines  of  separation  intersect.  This  is  most 
easily  understood  if  fig.  56  be  drawn  upon  a  piece  of  paper  which 
is  then  cut  through  along  the  line  h  h,  so  that  the  two  sides  can  be 
made  to  converge.  The  two  sections  of  the  eye  pass  through  the 
vertical  lines  of  separation  in  such  a  manner  that  the  two  converg- 
ing planes  which  cut  at  h  h  are  the  planes  of  the  vertical  meridians. 
It  can  be  seen  at  a  glance  that  the  visual  rays  of  all  the  points  in 
the  lines  of  separation  which  are  equally  distant  from  the  terminal 
points  c  and  c,  of  the  visual  axis,  e.g.  a  and  ttj,  h  and  6p  meet  in 
points  on  the  intersecting  line_^  H  h,  and  that  the  latter  therefore 


represents  the  median  horopteric  Hne.  This  horopter  for  the 
converging  secondary  positions  is  limited  by  the  two  lines  just 
alluded  to. 

3.  In  (symmetrical)  secondary  positions  accompanied  bv 
rotation  (so-called  tertiary  positions)  the  vertical  lines  of  separa- 
tion as  well  as  the  horizontal  lines  of  the  two  eyes,  meet  at  an 
angle.  It  now  (a)  a  plane  is  made  to  pass  through  each  vertical 
line  of  separation,  the  two  planes  intersect  in  a  straight  line,  which 
IS  inclined  to  the  visual  plane  (nearer  to  the  eyes  superiorly  in 
tertiary  positions,  with  these  eyes  inclined  upwards,  nearer  to  the 
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eyes  inferiorly  in  tertiary  positions  in  which  the  eyes  are  directed 
downwards.  Tliis  inclined  line,  as  well  as  the  inclined  position  of 
the  vertical  lines  of  separation,  are  rendered  evident  by  the  annexed 
figure  57,  which  like  56  should  be  drawn  upon  a  piece  of  paper, 
and  be  split  xip  along  h  h.  In  the  model  c  c  c,  is  the  visual  plane, 
and  ir  h  is  t  he  line  of  intersection  of  the  two  planes  of  separation, 
and  which  is  inclined  as  in  fig.  56.  It  is  seen  that  the  visual 
rays  of  all  the  corresponding  points  situated  in  the  vertical  lines 
of  separation,  for  example  a  and  a,,  h  and  6,,  intersect  also  in  the 
line  H  H,  and  that  this  line  represents  in  consequence  the  horopter 
of  the  vertical  lines  of  separation. 

(6.)  If  planes  are  made  to  pass  through  the  horizontal  lines  of 
separation,  these  likewise  cut  in  a  line.  The  visual  rays  of  iden- 
tical points  of  the  horizontal  lines  of  separation,  if  they  do  intersect, 
could  therefore  only  do  so  in  this  line.  But  if  from  any  point  in  the 
latter  two  visual  rays  be  drawn,  these  rays  meet,  as  can  readily  be 
seen,  in  symmetrical  hut  not  in  identical  quadrants  of  the  vertical 
circles  of  separation.  Hence  it  follows  that  the  visual  rays  pro- 
ceeding from  identical  points  of  horizontal  lines  of  separation  do 
not  in  general  intersect,  in  tertiary  positions,  and  that  for  these 
there  is  consequently  no  horopter.  In  general,  the  horopter  for 
tertiary  positions,  besides  the  meri(^an  line,  only  includes  another 
curve  of  double  curvature  passing  through  the  fixed  point,  and 
which  cannot  be  here  considered. 

Hitherto  only  symiuetrical  posit" ons  of  the  eyes  have  heen  discussed.  It  is 
impossible  here  to  examiiit^  in  detail  the  unsyiumetrical  positions  in  which  the 
lixed  point  is  at  unec[ual  distances  from  the  nodal  points.  It  is  to  be  remarked 
that  positions  occur  in  which  the  fi.xei  point  alone  forms  the  horopter. 

In  addition  to  the  horopter  of  points  which  ha.s  hitherto  been  considered,  the 
horopter  of  meridians  or  the  normal  sm-face,  whose  properties  have  already  been 
referred  to  at  p.  424,  is  to  be  mentioned. 

This  surface  (v.  Kecklinghausen)  in  secondary  convergent  positions  is  a  plane 
perpendicular  to  the  visual  plane  in  the  fixed  point ;  it  is  in  tertiary  symmetrical 
positions  a  double  oblique  cone  whose  summit  lies  at  the  fixed  point.  From  this 
first  property  this  important  consequence  follows,  that  in  every  plane  inclined 
before  the  eye,  assuming  that  it  be  considered  in  a  secondary  position,  as  is 
ordinarily  the  case,  every  straight  line  must  appear  simple,  providing  that  one  of 
its  points  strike  the  eye.  Experiments  have,  however,  revealed  that  all  the 
straight  lines  lying  in  the  normal  surface,  and  none  but  such  lines,  appear  per- 
pendicular to  the  meridian  plane,  even  in  tertiary  positions,  where  their  real 
direction  is  quite  different.  If,  for  example,  we  look  at  a  star  formed  of  threads, 
whose  rays  lie  in  one  plane,  and  fix  our  eyes  upon  its  middle  point,  it  will 
appear  plane  only  in  secondary  positions,  and  curved  in  tertiary  _ positions,  and 
its  rays  then  are  deviated  from  the  plane  surface  apparently  in  a  direction 
opposed  to  that  of  the  normal  surface  ;  the  star  only  appears  lying  in  a  plane,  in 
tertiary  positions,  providing  an  artificial  curvature  corresponding  to  the  normal 
surface  be  given  to  it.  Other  researches  show  that  every  luminous  point,  whose 
distance  cannot  be  determined  by  other  methods,  is  projected  in  the  hne  of 
direction  into  the  normal  surface.  Tliis  surface  appears  therefore  to  be  famihar 
to  our  eyes,  and  very  probably  it  plays  a  very  important  part  in  stereoscopic 
vision,  for  the  position  of  every  part  which  does  not  lie  within  it  is  determined 
in  accordance  with  it. 
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Rivalry  of  the  Fields  of  Vision.    Xature  of  Identity. 

If  there  fall  upon  the  two  eyes,  and  upon  corresponding  retinal 
points,  the  images  of  objects  which  differ  in  outline,  brightness,  or 
colour,  the  one  image  or  the  other  alternately  occupies  the  common 
field  of  vision.  Only  such  objects  as  can  easily  be  fused  into  one 
whole  give  a  compound,  though  indefinite,  image.  Combinations 
of  shades  (as  gi-ey,  when  black  and  white  are  presented  to  the  two 
eyes)  and  of  colours  do  not  occur  in  some  persons,  whilst  others 
perceive  them  at  once,  with  the  sensation  of  lustre.  Between  the 
impressions  of  the  two  eyes,  phenomena  of  simultaneous  and  suc- 
cessive contrast  are  perceived,  as  if  the  excited  retinal  elements 
belonged  to  the  same  eye. 

The  facts  here  referred  to,  as  well  as  others  to  be  mentioned  in 
relation  to  the  stereoscope,  teach  us,  that  even  in  binocular  vision 
the  excitations  of  the  two  eyes  remain  distinct ;  it  is  therefore 
impossible  that  identity  should  depend  upon  the  excitation  of  a 
common  nerve-cell  by  two  corresponding  optic-nerve  fibres.  A 
more  probable  and  very  different  explanation  is  this — that  the 
impressions  made  upon  identical  spots  of  the  retina  are  only  fused 
by  comparison  with  the  objects  contemplated  in  space,  as  the  result 
of  a  psychical  act ;  this  fusion  being  effected  empirically  throngh 
the  experience  that,  in  the  normal  use  of  the  eyes,  the  two  impres- 
sionsalways  spring  from  one  object.  This  surmise  explains  alike  the 
deviation  from  the  strict  law  of  identity  which  occurs  in  stereo- 
scopic vision,  as  well  as  the  convergence  of  the  vertical  lines  of 
separation,  which  can  be  referred  to  the  indefiniteness  of  the 
ground  as  a  principal  object ;  besides,  in  persons  who  squint,  there 
is  established  a  correspondence  of  retinal  points  which  differs  from 
that  of  persons  whose  vision  is  normal. 

The  question  of  the  arrangement  of  the  fibres  of  the  optic  nerve  in  the  chinsma 
is  of  little  importance  in  helping  us  to  decide  this  question.  Most  authorities 
suppose  that  in  man  there  occurs  a  partial  decussation,  so  that  the  two  right 
halves  of  the  retina  send  their  fibres  into  the  right,  and  the  two  left  halves  into 
the  left  optic  tract.  It  is  only  by  such  a  supposition  that  we  can  account  for 
the  occurrence,  as  n  result  of  paralj'sis  of  one  optic  tract,  of  that  variety  of 
hemiopin,  in  which  there  occurs  blindness  of  two  corresponding  halves  of  the 
retina,  and  consequently  an  obliteration  of  one  half  of  the  field  of  vision. 

Animals  occur  in  which  there  is  an  undoubted  hemi-decussation  of  the 
optic  tracts :  such,  for  instance,  is  the  case  in  the  dog,  in  which  animal,  extirpa- 
tion of  one  eyeball  leads  to  a  thinning  of  both  optic  tracts.  On  the  other  hand, 
animals  occur  in  which  the  decussation  is  total :  such  are  the  osseous  fishes,  in 
which  one  optic  nerve  passes  over  the  other,  without  any  communication.  Lastly, 
cases  have  been  observed  in  man  in  which  no  decussation  of  the  optic  tracts  has 
been  observed,  and  in  which  vision  has  been  normal,  l^'urther,  as  decussations 
which  take  place  outside  the  brain  might  be  partly  or  entirely  compensated  for 
within  the  brain,  the  question  loses  much  of  its  importance  in  reference  to  the 
physiology  of  wZen/jffy.  . 
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Double  Images. 

Objects,  of  which  the  images  fall  upon  non-identical  spots  of 
the  two  retinae,  must  appear  double.    Yet  this  only  occurs  in  a 
marked  manner  when  the  want  of  coincidence  is  great,  and  espe- 
FiG.58.  cially  when  it  affects  the  regions  in  the 

J.  centre  of  the  retina,  as  in  cases  of  stra- 

wy bismus.    In  strabismus  the  visual  axes  of 

/  \  the  two  eyes  intersect,  so  that  the  image 

 BiAjFyiiBi  a  point  looked  at  falls  upon  two  widely 

'\7\)/^  incongruous   regions  of  the   two  retinae 

/a?/\\  (which  regions,  however,  occasionally  be- 

//\\\  'identical').    Two  kinds  of  diplo- 

11/  \\\  V^'^i      double  vision,  are  found  to  occur, 

fy\  7\~\  homonymous  and  crossed,  according  as  the 
\A  J  [  \\j  visual  axes  intersect  in  front  of  or  behind 
bsTi        Zaf^  fixed  point  F  (fig.  58). 

It  is  evident  that  the  points  a  and  b, 
whose  images  fall  upon  symmetrical,  and  therefore  non-identical 
halves  of  the  retina,  appear  double,  in  the  case  of  a  appearing 
upon  the  same  side  of  the  retina,  in  the  case  of  b  upon  the  oppo- 
site side. 

If  we  liave  in  general  only  the  consciousness  of  simple  images,  and  fail  to  see 
any  perturbations  in  the  field  of  vision,  it  is  because  the  following  circumstances 
are  probably  in  operation. 

1.  Objects  which  furnish  images  which  fall  on  the  centre  of  the  retina 
{fovea  centralis  and  macvla  lutea)  appear  simple  under  almost  any  circum- 
stances, because  the  terminal  points  of  the  visual  axes  are  corresponding  points, 
and  these  axes,  if  prolonged,  intersect  at  one  point.  Now  as  this  is  the  seat  of 
the  most  acute  vision,  and  as  the  attention  is  almost  constantly  fixed  upon  it, 
the  influence  of  the  light  falling  upon  it  preponderates  over  the  influence  pro- 
ceeding from  the  whole  of  the  rest  of  the  held  of  vision. 

2.  Objects  which  appear  simple  (which  lie  in  the  horopter)  can  impress 
consciousness  with  greatest  intensity,  seeing  that  they  excite  with  double 
energy  the  same  part  of  the  nerve  centres. 

3.  The  eyes  are  always  accommodated  for  those  objects  for  which  their  axes 
are  suited,  so  that  they  appear  more  sharply  deliued  than  those  which  are 
placed  in  front  of  or  behind  the  point  of  intersection  of  the  axes,  and  which  are 
therefore  not  situated  in  the  horopter. 

This  relation  between  the  movements  of  the  eyes  and  accommodation  is 
brought  about  at  first  by  the  will,  afterwards  with  the  co-operation  of  a  nervous 
mechanism  (Ozermak)  ;  in  feet,  the  slightest  movement  of  rotation  of  the  eye  is 
accompanied  by  a  change  in  its  accommodation,  e.g.  when  the  eye  is  rotated 
inwards  it  is  accommodated  for  near  objects. 

4.  Consciousness  fuses,  imder  certain  circumstances,  images  of  points  which 
do  not  really  correspond  (see  under  Stereoscopy). 
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Go- operation  of  the  two  Eyes  in  Vision. 

Tbe  most  obvious  advantage  of  vision  with  two  eyes  is,  tliat 
portions  of  one  retina  which  are  incapable  of  discharging  their 
function,  e.g.  by  disease  (v.  Grraefe),  or  portions  of  the  retina  which 
through  opacities  in  the  refracting  media  cannot  receive  images, 
are  compensated  for  by  corresponding  points  in  the  other  retina. 
It  is  in  consequence  of  this  function  of  double  vision  that  the 
mutual  replacement  of  the  gap  in  the  field  of  vision  due  to  the 
blind  spot  is  filled  up,  for  the  corresponding  points  to  the  blind 
spots  are  parts  of  the  retina  which  are  sensitive  to  light  (the  blind 
spots  are  situated  in  retinal  quadrants  of  different  names,  but 
symmetrical). 

Stereoscopic  Vision. 

Stereoscopic  vision,  the  perception  of  the  third  dimension 
occupied  by  bodies  in  space,  depends  upon  the  circumstance,  that 
the  two  images  of  a  material  object  or  of  a  surface,  which  do  not 
coincide  with  the  horopter,  can  never  be  completely  united  (ac- 
cording to  the  theory  of  corresponding  points)  so  as  to  furnish  one 
single  visual  impression.  As  the  two  eyes  contemplate  the  object 
from  two  separate  points  of  view,  two  separate  perspective  images 
fall  upon  the  two  retinae.  Now  only  exactly  corresponding  retinal 
images  can  uniformly  fall  upon  corresponding  points  ;  when  the 
eyes  remain  immovable  only  one  part  of  a  body  can  therefore 
appear  single,  the  rest  appearing  double. 

If,  e.g.,  L  and  r  (fig.  59)  are  the  two  perspective  retinal  images 


Fig.  59. 


a 


L 

R 

/ 

\ 

h 

'J 

t. 

\ 

7 



of  a  truncated  pyramid,  the  summit  of  which  is  directed  towards 
the  eyes  which  contemplate  it,  it  is  seen  that  either  the  images  of 
the  surfaces  of  the  base,  viz.  ah  c  d  and  a,  c^-  c2,,  or  the  images 
of  the  truncated  surface  efgh  and  e,  /,  A,,  can  alone  fall  upon 
corresponding  points  of  the  retina ;  in  the  first  case,  the  smaller 
(truncated)  surface  appears  double,  in  the  second,  the  larger. 
Nevertheless,  the  two  images  are  fused  into  one,  and  convey  the 
impression  of  a  single  body  occupying  three  dimensions.  A  simple 
explanation  of  this  phenomenon  would  appear  to  be  the  following 
(Briicke) :  the  two  eyes  are  continually  in  a  state  of  motion  ;  their 
position  of  convergence  varies  so  far  from  one  side  to  the  other, 
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that,  one  after  the  other,  the  images  of  all  sections  of  the  pyramids 
fall  upon  corresponding  points  of  the  retinae. 

In  fig.  60,  three  of  the  fusion-impressions  which  occur  in  two 
series  of  movements  have  been  selected  for  examination.  In  the 
first  the  images  of  the  basal-surfaces,  and  in  the  third  those  of  the 
truncated  surface,  fall  upon  corresponding  points  ;  the  image  of  a 
section  of  the  pyramid  situated  between  the  two  first  (i  k  I  n),  and 
placed  in  the  centre  of  the  two  first,  is  seen  simply  by  the  eyes. 
As  now,  in  order  that  the  impression  exhibited  by  fig.  60,  III.,' 
shall  be  perceived,  the  eyes  must  converge  more  strongly  than  for 
the  perception  of  I. ;  and  as  the  convergence  of  the  eyes  affords  a 
means  of  determining  the  distance  of  objects  from  them  (see 
below),  the  conclusion  is  arrived  at  by  consciousness,  that  the 
surfaces  e  f  g  h,  i  k  I  n,  and  a  b  c  d,\ie  one  behind  the  other,  and 


the  conception  of  a  material  object  is  arrived  at,  through  the  com- 
bination of  all  the  rapidly  succeeding  impressions. 

But  the  fact  that  the  exceedingly  sliort  space  of  time  during 
which  an  electric  spark  lasts  suffices  to  fuse  two  simple  stereo- 
scopic images  into  one  material  impression,  appears  to  afford  an 
argument  in  opposition  to  the  explanation  above  given,  for  in  the 
moment  of  time  during  which  the  spark  lasts  no  movements  of  the 
eyeball  could  take  place. 

This  observation  compels  us  to  modify  somewhat  the  theory  of 
binocular  vision.  The  identity  of  two  corresponding  retinal  points 
is,  namely,  not  to  be  taken  as  absolute,  presumably  does  not  depend 
upon  a  direct  anatomical  communication,  but  is  something  lohich 
is  acquired. 

Corresponding  points  are  therefore  such  points  as  furnisli 
images  which,  as  experience  teaches,  are  habitually  combined  or 
fused.  But  as  it  appears  necessary  to  effeci:  these  combinations  in 
order  to  obtain  correct  impressions  of  objects,  we  get  into  the  habit 
of  fusing  also  the  images  of  two  not  perfectly  corresponding  points 
which  under  ordinary  circumstances  we  should  perceive  as  double. 
It  can  easily  be  demonstrated  tliat  simultaneous  images,  whicli 
fall  upon  corresponding  points,  are  not  united,  although  it  is  true 
that  they  do  not  form  second  images.  When  the  mind  must  unite 
images  which  do  not  fall  upon  corresponding  points,  the  process 
must  be  associated  with  the  conception  tliat  the  corresponding 
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points  in  the  object  occupy  the  situation  for  which  the  eye  would 
have  to  be  arranged,  in  order  that  the  images  should  coincide. 

We  cannot  here  enter  into  an  examination  of  the  numerous 
theories  which  have  been  advanced  in  explanation  of  the  above- 
mentioned  facts.  Moreover,  Briicke's  explanation  of  the  stereo- 
scopic fusion  is  not  entirely  refuted  by  the  experiment  of  instan- 
taneous illumination  which  was  previously  adduced,  as,  for  the 
vision  of  complicated  objects,  such  a  movement  of  the  eye  from  side 
to  side  is,  at  any  rate,  very  useful.  For  the  vision  of  such  objects 
momentary  illumination  does  not  suffice. 

Stereoscopic  vision  can  be  artificially  imitated  by  placing  before 
each  eye  the  drawing  of  a  body  executed  from  its  own  point  of 
view;  such  drawings  are  shown  in  fig.  59.  The  eyes  in  this  case 
bring  either  successively  or  at  the  same  moment  the  different  parts 
of  the  drawing  over  corresponding  points,  and  so  the  impression  of 
the  shape  of  body  is  produced.  This  is  the  basis  of  the  stereoscope. 
Without  further  apparatus  the  images  r  and  L,  which  lie  side  by 
side,  may  combine,  if  we  direct  each  of 
the  two  optic  axes  to  the  corresponding  '  ' 


image  (fig.  61).  But  inasmuch  as  few 
persons  can  control  their  eyes  for  a  suffi- 
cient length  of  time,  in  order  to  fix  two 
separate  points  on  a  surface,  instead  of 
allowing  as  usual  the  axes  to  intersect  at 
the  surface  which  is  looked  at,  arrange- 
ments are  provided  whereby  this  exertion 
is  dispensed  with,  so  that  with  an  ordinary 
position  of  the  eyes  images  are  thrown 


upon  corresponding  points.  The  two  best  known  stereoscopes  are 
those  of  Wheatstone  (fig.  62)  and  Brewster  (fig.  63),  which  are 
explained  by  the  annexed  figures. 

In  the  first  (Wheatstone's)  stereoscope  the  images  are  super- 


FiG.  62.  Fig.  63. 
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posed  by  two  converging  mirrors,  in  the  second  (Brewster's)  by  two 
prismatic  glasses  g  g  (halves  of  lenses)  upon  a  place  e,  to  which  the 
optic  axes  are  directed. 
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If  two  perfectly  similar  drawings  are  placed  in  the  stereoscope, 
they  naturally  furnish  a  single  image.  If  they  are,  however,  ever 
so  little  different,  the  difference  even  being  limited  to  the  situation 
of  certain  parts,  the  eyes  are  compelled  to  make  movements  in 
order  to  combine  these  parts,  and  they  appear,  from  what  was  pre- 
viously stated,  as  removed  from  the  surface,  being  either  in  front 
or  behind  it.  Hence  the  stereoscope  may  be  emplo}'ed  in  order  to 
distinguish  betAveen  two  similar  objects  which  differ  only  in  small 
and  limited  points,  as,  for  example,  between  a  real  and  a  forged 
bank-note,  as  between  two  (different)  impressions  from  the  same 
mould,  &c.  (Dove). 

If  the  relative  positions  of  the  stereoscopic  image  of  a  body  be 
changed,  for  example,  those  seen  in  fig.  59,  so  that  the  one  in- 
tended for  the  right  eye  is  brought  before  the  left,  or  conversely, 
the  body  appears  hollow,  and  as  if  seen  from  within,  the  smaller 
surface,  e/  (/  A,  appearing  to  be  placed  behind  the  larger.  Actually 
the  perspective  views  obtained  by  both  eyes  from  a  hollow  pyramid, 
seen  from  the  interior,  only  differ  from  those  which  are  obtained 
on  looking  at  a  massive  pyramid  from  the  outside,  in  the  fact  that 
in  the  first  case  the  right  eye  obtains  the  view  which  in  the  second 
case  reaches  the  left  eye. 

On  looking  at  an  object  from  the  outside,  the  right  eye 
catches  more  of  the  right  side  of  the  object  than  of  the  left  (the 
surface  c^f^  (7,  (fig.  59)  is  therefore  larger  than  a,  e,  Aj); 
on  looking  into  a  hollow  body  matters  are  reversed  (the  right 
eye  then  occupies  the  point  of  view  l,  and  b  c  f  g  is  smaller 
than  a  d  eh).  The  fallacious  impression  obtained  in  such  a 
manner  by  exchanging  two  stereoscopic  images  is  designated 
'  pseudoscopic' 

The  pseudoscope,  fig.  64,  is  an  apparatus  by  which  the  two 
eyes  which  are  contemplating  an  object  are  subjected  to  a  pseudo- 
FiG  64  scopic  influence;  each  eye  receives,  namely, 

■  by  reflexion  from  the  hypothenusal  surfaces 

of  a  rectangular  prism,  the  impression  which 
belongs  to  it,  reversed,  so  that  one  eye 
receives  the  form  which  properly  pertains  to 
the  other.  The  body  thus  appears  hollow 
and  as  if  seen  from  the  inside,  when,  in 
reality,  its  external  surface  is  directed 
towards  the  eye,  and  conversely.  The  appa- 
ratus, as  may  readily  be  understood,  can 
only  be  employed  in  looking  at  bodies  which 
are  symmetrically  formed. 

Very  distant  objects,  e.g.  those  parts  of  a 
landscape  which  lie  near  the  horizon,  appear  usually  as  if  they  were 
extended  upon  a  surface,  as  in  a  picture,  because  the  two  eyes  are 
situated  too  close  to  one  another  to  obtain  essentially  different 
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views  of  objects  in  the  distance.  The  telestereoscope  of  Hehnholtz 
is  an  instrument  which  serves  to  magnify  the  distance  between  the 
points  of  view  of  the  two  eyes.  It  is  a  Wheatstone's  stereoscope, 
the  two  images  of  which,  L  and  K,  are  received  by  two  mirrors 
turned  towards  the  horizon  and  parallel  to  the  internal  mirrors  ;  the 
two  eyes  thus  obtain  views  as  if  they  occupied  the  positions  of  the 
external  mirrors,  and  the  horizon  appears,  consequently,  as  if  it 
had  stood-out  more ;  ordinarily  the  two  internal  mirrors  are  looked 
at  through  two  telescopes. 

When  two  stereoscopic  representations  of  an  object  are  coloured 
of  different  intensity  {e.g.  one  being  black,  another  white,  or  of  a 
different  colour) — or  if  two  surfaces  possessing  different  depths  of 
the  same  colom-,  or  coloured  differently,  be  brought  before  the  eye. 
the  object  or  the  surface  appears  to  shine.  The  most  probable  ex- 
planation of  this  phenomenon  is  the  following : — A  surface  which 
is  looked  at  with  one  eye  appears  shining,  when  it  reflects  the  light 
very  uniformly ;  even  absolutely  plane  or  absolutely  planely  curved 
surfaces  (if  presenting  no  unevenness)  therefore  appear  shining. 

If  this  same  surface  be  examined  with  the  two  eyes,  it  appears 
to  each  as  possessing  a  different  brilliancy  and  a  different  depth  of 
tint,  because  the  reflected  light  falls  into  the  two  eyes  at  a  different 
angle.  If  now,  conversely,  the  two  eyes  receive  two  impressions 
which  when  seen  alone  are  dull,  but  if  they  are  of  different  depth, 
consciousness  pictures  a  regularly  reflecting  (which  consequently 
illuminates  the  two  eyes  differently)  and  brilliant  surface  (Helm- 
holtz).  The  two  stereoscopic  images  of  a  smooth  ball,  which 
exhibit  the  reflexion  of  light  at  different  places,  give  rise  in  the 
same  way  to  the  impression  of  a  shining  ball. 

It  is  not  so  easy  to  explain  the  cause  of  the  brilliancy  of 
colours.  The  simplest  explanation  appears  to  be  the  following : 
besides  arising  by  simple  regular  reflexion,  certain  sorts  of  brilliancy 
are  generated  by  reflexion  from  multiple  surfaces  placed  one  behind 
the  other,  even  when  these  surfaces  are  dull.  Thus,  for  example, 
metallic  lustre  depends  upon  the  fact  that  a  slightly  transparent 
metal  not  only  reflects  light  from  its  surface,  but  also  from  its 
deeper  layers  (Briicke).  As  now  for  two  different  coloiu'S  at  an  equal 
distance,  a  somewhat  different  accommodation  of  the  eye  is  requi- 
site, it  appears  as  if  one  colour  lay  a  little  behind  the  other,  and  so 
the  body  exhibits  lustre  (Dove).  Moreover,  many  persons  fail  to  ob- 
serve the  binocular  combination  of  colours,  both  colours  not  uniting 
to  form  one  image,  but  they  either  appear  alternately  or  are  seen  side 
by  side  in  the  field  of  view  ('  Rivalry  of  the  Fields  of  Vision  '). 

Estimation  of  Magnitude  and  Distance  of  Objects. 

A  third  useful  purpose  subserved  by  binocular  vision  is  the  aid 
which  it  affords  in  the  determination  of  the  magnitude  and  distance 
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MAGNITUDE  AND  DISTANCE  OF  OBJECTS. 


of  external  objects.  The  starting-point  for  the  determination  of 
magnitude  is  the  size  of  the  retinal  image.  The  greater  the  latter, 
the  greater,  cwteris  paribus,  does  the  object  appear.  As,  how- 
ever, the  magnitude  of  the  retinal  image,  or  what  is  the  same, 
the  magnitude  of  the  visual  angle,  does  not  depend  merely  upon 
the  magnitude,  but  also  upon  the  distance  of  the  object  from  the 
eye  (as  the  visual  angle  is  inversely  proportional  to  the  distance), 
the  determination  of  the  magnitude  of  objects  is  associated  with  a 
determination  of  their  distance.  For  the  latter,  the  eye  by  itself 
possesses  a  method  of  estimation,  in  the  effort  to  accommodate,  the 
magnitude  and  direction  of  the  effort  being  appreciated  by  the 
muscular  sensation  in  the  muscle  concerned.  In  vision  with  two 
eyes  there  is  added  the  important  help  afforded  by  the  muscular 
sense  of  the  muscles  which  move  the  eyeball,  and  which  inform  us 
to  what  degree  the  optic  axes  have  converged. 

An  object  of  apparently  equal  magnitude  appears  the  nearer, 
] ,  the  greater  the  retinal  image  which  it  furnishes  ;  2,  the  stronger 
the  positive  accommodation ;  3,  the  stronger  the  convergence  of  the 
optic  axes.  Further  helps  to  the  determination  of  distance  are,  the 
intensity  of  the  light,  which  in  general  decreases  with  the  distance. 
Further,  the  displacement  of  the  object  in  reference  to  others  seen 
at  the  same  time,  which  occurs  either  when  the  object  itself 
moves,  or  when  the  other  objects  move,  or  when  the  organ  of  sight 
changes  its  place  in  consequence  of  movements  of  the  head  or  of 
the  whole  body. 

The  most  direct  proofs  that  the  above  are  the  three  principal 
means  of  estimating  the  distance  or  size  of  objects  are  the  following  : 

1.  The  influence  of  the  retinal  image  scarcely  requires  proof; 
such  a  proof  is,  however,  that  in  defective  accommodation  (in  the 
circles  of  difFasion)  an  object  seen  appears  larger  than  if  the  accom- 
modation be  perfect  and  the  object  sharply  defined. 

2.  The  influence  of  the  sensation  produced  by  accommodation 
is  most  apparent  from  the  fact  that  a  secondary  image,  however 
produced,  changes  in  apparent  magnitude  when  the  accommodation 
changes  ;  and  further,  that  if  red  and  blue  fields  occupy  the  same 
plane,  the  first  appear  nearer  than  the  second  (Briicke). 

3.  The  influence  of  the  convergence  of  the  axes  is  proved  in  a 
striking  manner  by  the  so-called  '  carpet-phenomenon.'  If  whilst 
one  is  looking  at  any  regular  pattern  (as  a  carpet)  the  eye  be  fixed 
upon  a  point  lying  in  front  of  or  behind  it,  the  pattern  soon  appears 
to  advance  in  the  plane  of  the  point  of  convergence  of  the  visual 
axes,  and  appears,  consequently,  near  or  more  distant,  and  in  the 
same  manner  smaller  or  larger. 

The  explanation  is  easy.  Under  these  circumstances  an 
irregular  pattern  would  appear  double  :  even  a  regular  pattern  will 
appear  double  ;  but  as  in  the  two  images  situated  one  over  the 
other,  equal   parts   of  the   pattern  almost  exactly  cover  one 
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another,  the  deception  originates  that  both  images  with  their 
corresponding  parts  fall  npon  corresponding  points,  and  therefore 
the  object  lies  at  the  distance  of  the  point  of  intersection  of 
the  visual  axes  (H.  Meyer).  Just  as  the  images  of  the  centres  of 
the  two  retin£e  are  transferred  to  the  point  of  intersection  of  the 
visual  axes,  so  the  remaining  images  are  transferred  to  the  sur- 
faces, in  which  the  identical  meridians  intersect,  i.e.  to  the  normal 
surface. 

The  Organs  which  protect  the  Eye. 

1.  The  eye,  which  is  protected  nearly  on  all  sides  by  the  osseous 
orbit  in  which  it  is  placed,  can  also  be  shut  off  anteriorly  by  the 
closure  of  the  cartilaginous  eyelids.  The  closure  is  effected  by  the 
contraction  of  the  orbicularis  palpebrarum  muscle,  which  receives 
its  nervous  supply  from  the  facial  nerve,  and  in  so  far  as  the  upper 
eyelid  is  concerned,  it  is  brought  about  to  a  certain  extent  by  the 
mere  action  of  its  weight  (gravity).  The  lower  eyelid  is,  opened  by 
the  action  of  gravity,  the  upper  by  the  contraction  of  the  levator 
palpebrge  superioris,  which  derives  its  nervous  supply  from  the 
third  (oculomotor)  nerve,  whilst  both  are  influenced  by  retractor 
involuntary  muscular  fibres  which  are  under  the  influence  of  the 
sjmapathetic  (H.  Miiller,  Sappey).  Movements  of  opening  and  of 
closm-e  are  frequently  and  alternately  occurring  (blinking,  winking). 

The  closure  of  the  eyelids  occurs,  1,  voluntarily  ;  2,  involun- 
tarily and  automatically,  in  sleep  ;  3,  by  reflex  action,  when  the 
eyeball  is  touched  or  the  eyelashes  which  serve  as  touch-hairs,  or 
Avhen  the  optic  nerve  is  excited  by  intense  light.  The  narrowing 
of  the  space  between  the  eyelids  and  the  shade  thrown  by  the  eye- 
lashes co-operates  with  the  contraction  of  the  pupil  in  protecting 
the  eye  when  the  light  is  intense. 

The  retractors  of  Miiller  are  situated  in  the  posteaior  surface  of  the  eyelids 
perpendicular  to  the  opening  between  the  lids.  Another  smooth  muscle  bridges 
over  the  inferior  orbital  fissure,  and  by  its  contraction  somewhat  diminishes  the 
capacity  of  the  orbit,  so  that  the  eyeball  somewhat  projects.  Both  musclea 
exist  in  a  state  of  tonic  contraction.  When  the  sympathetic  is  cut  cross  in  the 
neck  the  space  between  the  lids  narrows  and  the  eyeball  is  somewhat  retracted 
(H.  Miiller). 

2.  The  anterior  surface  of  the  eye  is  continually  bathed  in 
lachrymal  fluid,  and  by  it  maintained  in  a  state  of  cleanliness  and 
preserved  from  dessication.  The  tears  reach  it  through  the  fine 
excretory  ducts  of  the  glands  situated  in  the  upper  and  external 
region  of  the  conjunctival  sac.  (The  conjunctival  sac  is,  as  is  well 
known,  a  mucous  sac,  which  by  its  free  border  is  attached  along 
the  edge  of  the  lids,  and  which  covers  a  part  of  the  eyeball ;  it 
covers  the  posterior  surface  of  the  eyelids,  then  is  reflected  over 
the  eyeball,  of  wliich  it  covers  the  anterior  third.  The  eyelids 
being  closely  applied  to  the  eyeball,  the  conjunctival  sac  possesses 


436 


4 

LACHRYMAL  APPARATUS. 


only  a  capillary  lumen.  It  only  widens  near  the  line  of  contact  of 
the  closed  lids,  where  it  forms  a  shallow  three-sided  canal,  as  the 
more  slight  curvature  of  the  lids  does  not  here  permit  of  their 
clasping  the  eyeball).  The  tears  are  sucked  into  the  capiUary  con- 
junctival space  by  capillary  attraction,  and  are  pressed  towards  the 
inner  angle  of  the  eye.  This  movement  is  aided  by  the  closure  of 
the  lids,  which  presses  them  towards  the  inner  angle  of  the  eyes 
(inner  canthus),  which  is  the  point  of  attachment  of  the  orbicularis 
palpebrarum. 

The  overflow  of  tears  over  the  fine  edge  of  the  lids  is  prevented, 
when  the  secretion  is  not  exceedingly  great  (as  in  crying),  by  the 
fatty  secretion  of  the  meibomian  glands.  At  the  inner  angle  o. 
the  eye  the  tears  accumulate  into  what  may  be  called  a  little  tear- 
lake  (' Thranensee '1,  where  commence  the  two  capillary  rigid 
lachrymal  canals  with  their  openings,  the  '  puncta  lachrymalia.' 
The  nasal  duct,  into  which  the  ducts  lead,  and  which  is  protected 
below  in  the  nasal  cavity  by  a  valve  opening  downwards,  dilates 
superiorly  at  the  time  when  the  eyelids  are  closed  (because  its  pos- 
terior wall  is  connected  with  the  bone,  and  its  anterior  with  the 
anterior  palpebral  ligament  which  stretches  when  the  lids  are 
closed) ;  by  these  arrangements  it  sucks  the  tears  from  the  little 
tear-lake.  The  same  effect  is  produced  by  the  contraction  of 
Horner's  muscle,  which  also  enlarges  the  lachrymal  sac. 

The  closure  of  the  lids  mi»ht  also,  wheu  the  lids  are  completely  closed,  press 
the  tears  into  the  sac.  This  has  actually  been  recorded  to  occur  by  some 
(Rose,  Stellwag,  v.  Oarion).  Experiments  with  coloured  fluids,  which  have 
been  instituted  to  decide  this  question,  have  not  furnished  concordant  results 
(Stellwag,  Arlt). 

3.  The  eyebrows  are  supposed  to  protect  the  eye  from  the  sweat 
which  may  flow  from  the  forehead. 

Appendix. — The  facetted  eyes  of  insects  and  Crustacea  are 
composed  of  conical  segments  arranged  as  the  radii  of  a  ball :  each 
of  these  segments  consists  of  a  dioptric  apparatus  which  acts  as  a 
convex  lens,  and  of  internal  nervous  structm-es  which  are  in  connec- 
tion with  the  terminal  ends  of  the  optic  nerve  in  the  centre  of  the 
ball.  Each  of  these  radiating  segments,  which  by  pigment  and  by 
total  reflection  (like  the  rods  of  the  retina)  are  optically  distinct 
one  from  the  other,  most  probably  only  allows  such  light  to  be  per- 
ceived as  falls  in  the  direction  of  its  axis,  so  that  the  creature 
possesses,  especially  for  near  objects,  as  many  fields  of  view  as  there 
are  segments.  The  adjustment  of  an  optic  nerve-element  to  a  par- 
ticular direction  is  effected  here  also,  as  in  the  eyes  of  vertebrata, 
by  other  means.  In  the  latter,  for  instance,  the  complex  dioptric 
apparatus  only  allows  such  light  to  reach  each  individual  retinal 
element  as  follows  a  particular  direction  (viz.  that  of  the  corre- 
sponding visual  ray) ;  in  the  eye  of  insects,  on  the  other  hand, 
each  retinal  element  has  a  telescope  arranged  for  one  particular 
direction. 
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II.  THE  ORGAN  OF  HEARING. 

Schema  of  the  Organ  of  Hearing. 

The  terminal  organs  of  the  auditory  nerve  are  spread  out  like 
those  of  the  optic  nerve  on  membraneous  surfaces,  which  have, 
however,  an  irregular  form  {ampuUce,  saccules  of  the  vestibule, 
and  membraneous  portion  of  the  lamina  spiralis).  The  sonorous 
vibrations  capable  of  exciting  the  auditory  nerve  are  transmitted 
to  these  terminal  organs  by  a  system  ol"  easily  vibrating  bodies 
in  contact  with  each  other,  the  first  of  which,  situated  most  ex- 
ternally, vibrates  in  unison  with  the  sounding  body;  the  vibra- 
tions of  the  sonorous  body  are  transmitted  to  it  directly  or 
indirectly :  in  the  latter  case  through  an  intermediate  body,  such 
as  air  or  water. 

There  are  two  such  systems,  and  these  have  one  part  in 
common, — that  adjacent  to  the  end  organs,  viz.  the  fluid  contents 
of  the  labyrinth  in  which  the  terminal  organs  are  bathed.  The 
labyrinth-fluid  can  be  thrown  into  vibrations  in  two  ways :  1,  by 
the  surrounding  bones, — the  petrous  portion  of  temporal  and  all 
the  other  cranial  bones.  This  mode  of  transmission  comes  into 
play  when  the  sonorous  (solid)  body  is  either  in  immediate  contact 
with  the  skull,  or  is  connected  with  it  by  a  chain  of  solid  or  fluid 
bodies,  or  when  the  medium  immediately  surrounding  the  head  is 
not  gaseous,  as,  for  instance,  when  the  surrounding  body  is  in  con- 
tact with  the  teeth,  or  when  the  head  is  immersed  in  water ;  2,  by 
the  membrane  of  the  fenestra  ovalis,  which  separates  the  labyrinth- 
fluid  from  the  air-containing  tympanic  cavity.  This  membrane  is 
thrown  into  vibrations  by  the  following  chain  of  bodies  (beginning 
from  the  fenestra  ovalis) :  stapes,  incus,  malleus,  membrana 
tympani,  the  air  and  walls  of  the  external  meatus  and  auricle. 
This  system  serves  for  the  perception  of  those  sonorous  vibrations 
which  are  transmitted  to  the  ear  by  the  air :  it  is  therefore  the 
common  form  of  conduction  in  man,  and  is  found  absent  in  aquatic 
animals. 

Of  the  two  systems  just  enumerated  the  latter  alone  requires 
further  consideration,  for  the  first  plays  in  the  case  of  man  only  a 
very  secondary  part. 

Mechanism  of  the  Sound-Conducting  Apparatus. 

It  is  chiefly  at  the  surface  of  the  membrana  tympani,  but  also  at 
the  walls  of  the  auricle  and  external  meatus,  that  the  transference 
of  the  sonorous  vibrations  from  air  to  solids  takes  place.  The 
vibrations  communicated  to  the  aui'icle  and  external  meatus  are  for 
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the  most  part  conducted  further  to  tlie  merabrana  tympani  along 
its  ring  of  attachment ;  a  portion  of  these  reaches  the  labyrinth 
through  direct  conduction  by  the  bones,  together  with  all  those 
vibrations  which  are  imparted  to  the  head  by  the  air.  Moreover, 
the  walls  of  the  external  meatus,  and  possibly  also  of  the  auricle, 
reflect  the  sonorous  waves  on  to  the  membrana  tympani. 

The  particles  of  air  vibrate  longitudinally,  i.e.  in  the  direction  of  the  propa- 
gation of  the  sound  ;  hence  arise  alternate  layers  of  rarefaction  and  condensation 
in  planes  perpendicular  to  the  direction  of  vibration.  The  distance  of  two  con- 
tiguous layers  in  the  same  plane  of  vibration  constitutes  a  tvave-lmgth — if  by  I 
we  designate  the  wave-length,  by  c  the  rate  of  propagation  of  the  wave,  by  t  the 
duration  of  a  complete  oscillation,  by  n  the  number  of  vibrations  in  the  second, 
then 

l  =  ct  =  - 
n 

There  is  no  form  of  solid  body  more  adapted  for  the  reception  and  further 
transmission  of  vertically  or  obliquely  impinging  air-vibrations  than  that  of  a 
stretched  membrane  or  of  rigid,  elastic,  thin  plates.  To  the  latter  description 
the  cartilaginous  auricle  answers,  whilst  the  membrana  tjanpani  is  of  the  first- 
described  form.  In  both  cases  the  body  is  so  thin  that  the  waves  of  condensa- 
tion and  rarefaction  of  the  air  which  fall  on  it  are  capable  of  setting  its  total 
mass  in  vibration,  in  the  direction  of  its  transverse  diameter  (transverse  vibra- 
tions) ;  otherwise  the  different  layers  of  molecules  would  vibrate  successively, 
and  thus  give  rise  to  condensation  and  rarefaction  waves  in  the  body  itself 
(longitudinal  vibrations)  ;  in  the  first  case,  where  the  elasticity  has  only  to  be 
overcome,  the  resistance  is  much  less  and  the  elongation  of  the  vibrations  there- 
fore much  greater,  than  in  the  latter  case,  where  the  greater  resistance  is 
opposed  to  the  mutual  separation  of  the  molecules.  Such  bodies,  however,  are 
also  capable  of  longitudinal  vibrations,  when  vibrations  are  communicated  to 
them  from  the  border,  as  e.ff,  the  vibrations  transmitted  to  the  membrana  tym- 
pani by  the  external  meatus. 

The  rcjlexion  of  sound  by  the  walls  of  the  external  meatus  requires  no 
further  elucidation,  for  all  vibrations  which  fall  on  the  walls  of  a  cylindrical 
tube  must  reach,  after  being  once  or  ofteuer  reflected,  the  surface  which  closes 
the  tube  (in  the  case  of  the  ear,  the  membrana  tympani,  which  is  placed  obliquely 
to  the  axis  of  the  tube,  passing  from  below  upwards,  and  outwards). 

Keflexion  of  sound  waves  from  the  surfaces  and  promontories  of  the  auricles 
on  to  the  orifice  of  the  auditory  meatus  may  very  well  be  thought  possible, 
especially  as  the  am-icle,  both  in  toto  as  well  as  in  its  separate  parts,  is  movable 
by  means  of  muscles  (which,  however,  owing  to  non-use,  are  often  but  iU 
developed).  Experiments,  however,  in  which  the  whole  auricle,  with  the  ex- 
ception of  the  meatus  (which  was  prolonged  by  means  of  a  tube_  inserted  into 
it)  was  filled  up  with  a  soft  material,  showed  no  perceptible  diminution  of  the 
hearing,  from  which  the  function  of  the  auricle  as  a  reflector  of  sound  would 
seem  improbable  (Harless)  ;  others,  however,  have  obtained  opposite  results 
(Schneider).  The  absence  of  the  auricle  has  not  been  known  to  cause  diminu- 
tion of  hearing.  Artificial  reflectors  of  considerable  power  (for  people  affected 
with  difficulty  of  liearing)  are  ear  trumpets,  which  may  be  considered  to  be 
cylindrical  prolongations  of  the  meatus,  with  a  funnel-shaped  external  ter- 
mination. The  stethoscope  may  be  considered  as  a  similar  prolongation  of  the 
meatus,  the  other  end  of  which  is  in  contact  with  the  sonorous  body ;  its  action, 
however,  depends,  to  a  great  extent,  on  the  conduction  of  sound  along  its  walls. 

The  membrana  tympani  has  the  form  of  a  flattened  cone  or 
funnel,  the  meridians  of  which,  owing  to  the  tension  of  the  cir- 
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cular  fibres,  are  not  straight,  but  somewhat  curved,  with  the  con- 
vexity outwards,  the  manubrium  of  the  malleus  being  inserted  be- 
tween the  lamellse  of  the  membrane  in  a  radial  direction,  passing 
from  above  downwards,  and  terminating  a  little  below  the  centre 
of  the  membrana. 

The  malleus  is  supported  by  a  ligamentous  mass  which  is 
stretched  from  before  backwards  through  the  tympanic  cavity, 
forming  at  the  same  time  the  axis  of  rotation  (axial  band,  Helm- 
holtz);  this  band  consists  of  two  ligaments,  inserted  into  the 
neck  of  the  malleus,  an  anterior  ligament,  attached  to  the  spina 
tympanica  anterior,  and  a  posterior  ligament,  which  is  only  •  a 
prolongation  of  the  anterior.  The  movements  of  the  membrana 
tympani  being  communicated  to  the  manubrium  of  the  malleus, 
the  latter,  and  with  it  the  incus,  rotate  round  the  axis  just  de- 
scribed ;  the  incus  is  chiefly  sujDported  by  the  malleus,  but  it  is  so 
connected  by  its  short  process  to  the  posterior  wall  of  the  tympanic 
cavity,  that  it  slightly  modifies  the  movements  of  the  malleus  (so 
that  both  might  be  considered  as  forming  one  complex  lever),  and 
allows  'the  umbilicus  of  the  tympanic  membrane  to  move  only  in  a 
direction  vertical  to  the  plane  of  the  membrane.  The  long  process 
of  the  incus,  which  articulates  with  the  stapes,  curves  round  a 
little  inwards  from  the  manubrium  of  the  malleus,  remaining 
throughout  parallel  to  it.  The  articulation  between  malleus  and 
incus  is  saddle-shaped,  the  body  of  the  incus  sm'rounding  the  con- 
vexo-concave articular  surface  found  on  the  neck  of  the  malleus. 
The  articular  surfaces  are  provided  with  a  kind  of  check  tooth,  so 
that  only  the  rotations  inwards  of  the  malleus  are  exactly  com- 
municated to  the  incus,  but  not  the  rotations  outwards ;  from 
this  it  follows  that  the  stapes  cannot  be  torn  away  from  the  fenestra 
ovalis  by  such  outward  movements  of  the  tympanic  membrane, 
while  the  tension  of  the  latter  membrane  provides  against  the 
forcing  in  of  the  stapes  (Helmholtz). 

The  tendon  of  the  tensor  tympani,  which,  after  passing  over 
its  pulley  and  running  at  right  angles  to  the  manubrium,  inserts 
itself  into  the  point  of  rotation  of  the  malleus,  draws  with  every 
contraction  of  its  muscle  the  manubrium  still  more  inwards,  and 
thus  brings  about  a  still  further  tension  of  the  tympanic  mem- 
brane. The  contraction  (dependent  on  the  fifth  nerve)  can  be 
produced  by  some  persons  voluntarily  (J.  Miiller)  ;  it  is  observed 
in  all  persons  as  a  co-ordinate  movement  in  connection  with  the 
forcible  contraction  of  the  muscles  of  mastication  ( Fick).  Opinion 
is  as  yet  divided  as  to  whether  the  contraction  is  purely  a  voluntary 
one  or  a  reflex  action  (to  damp  strong  impressions  of  sounds),  de- 
pendent on  the  auditory  nerve  or  the  sensory  nerves  of  the  external 
meatus.  As  soon  as  the  contraction  of  the  muscle  ceases,  the 
manubrium  and,  with  it,  the  tympanic  membrane,  return  to  tlieir 
position  of  equilibrium  by  help  of  the  elasticity  of  the  membrane, 


440 


CONDUCTION  OF  SOUND  IN  THE  EAR. 


and  the  arrangement  of  the  ligamentous  appendages  of  the  malleus 
and  the  connection  of  the  different  joints  of  the  ossicles. 

The  small  stapedius  muscle  which,  passing  from  behind  and  at 
right  angles  to,  inserts  itself  into  the  neck  of  the  stapes,  and 
which  derives  its  nervous  supply  from  the  facial  nerve,  exerts 
traction  from  behind  on  the  articulation  between  the  incus  and 
stapes.  The  consequences  of  this  action  are  not  apparent ;  many 
ascribe  to  it  a  movement  outwards  of  the  chain  of  ossicles,  there- 
fore an  action  tending  to  release  the  membrana  tympani,  and 
therefore  antagonistic  to  that  of  the  temw  tympani. 

Many  persons  can  produce  at  will  a  crackling  noise  in  the  ear,  which  for- 
merly was  thought  to  he  connected  with  the  contraction  of  the  tensor  tympani 
(muscular  sound  or  sudden  stretching  of  the  tympanic  memhrane).  This  as- 
sumption is  contradicted  by  the  fact  that  the  sound  is  not  accompanied  by  a 
drawing  inward  of  the  membrana  tympani  (this  is  ascertained  by  inserting  a 
manometer  into  the  meatus,  Politzer,  Lowenberg).  This  sound  is  now  thought 
to  be  produced  by  the  sudden  opening  (by  the  tensor  palati)  of  the  Eustachian 
tube,  which,  according  to  some  (Toynbee,  Politzer,  Moos)  is  considered  to  be 
quite  closed  while  at  rest. 

The  chain  of  ear  ossicles  serves  the  purpose  of  transmitting  the 
vibrations  of  the  tympanic  membrane  to  the  membrane  of  the 
fenestra  ovalis.  In  birds,  and  in  the  scaly  amphibia,  they  are  re- 
presented by  a  single  rod-like  ossicle  {columella)  only.  In  man 
the  two  opposed  membranes  are  not  connected  by  a  single  rod,  but 
by  a  compound  lever  composed  of  three  bones,  the  axis  of  rotation 
of  which  is  the  malleo-incus  axis  (a,  in  fig.  65). 

Fig  65  "^^^  arrows  in  the  figure  indicate  how  the  mem- 

brane of  the  fenestra  ovalis  must  always  vibrate  in 
^vx^k  the  same  sense  as  the  membrana  tympani.  The 
^■^'^^^  impulses  of  the  base  of  the  stapes  produce  progressive 
waves  in  the  labyrinth,  i.e.  the  fluid  contents  of  the 
■  labyrinth  recede  in  toto  with  every  impulse,  thereby 
causing  the  yielding  part  in  the  wall  of  the  labyrinth,  the  fenestra 
rotunda,  to  arch  outwards  towards  the  tympanic  cavity.  It  is  not 
possible  to  discover  what  parts  of  the  labyrinth,  and  especially  how 
the  fluid  contained  in  the  semicircular  canals,  take  part  in  the 
movements  which  are  set  up. 

Inasmuch  as  the  dimensions  of  the  whole  sound-conducting 
apparatus  are  very  small  in  relation  to  the  wave-lengths  of  the 
sounds  which  can  be  heard,  we  must  surmise  that  all  the  con- 
stituent parts  are  at  the  same  time  in  the  same  phase  of  vibration, 
and  that  the  combination  vibrates  backward  and  forward  (E. 
Weber,  Helmholtz).  The  vibrating  structures  in  the  ear  behave 
therefore  in  respect  to  sound  as  resonators.  Artificial  resonators 
are  only  thrown  into  vibration  by  such  tones  as  correspond  with 
their  own  proper  tone.  That  the  ear  not  only  is  affected  equally 
well  by  different  tones,  but  that  it  can  follow  every  sound  and 
every  noise,  is  the  most  important  fact  in  acoustics.    Even  if  we 
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assume  that  in  the  ear  a  decomposition  of  every  sound  into  its 
constituents  is  brought  about  by  a  series  of  resonators,  we  must 
recognize  that,  before  such  a  decomposition  can  take  place,  the 
conduction  of  sound  in  all  its  details  must  occur ;  it  is  obvious, 
then,  that  the  outer  sound-conducting  parts  of  the  organ  of 
hearing,  especially  the  membrana  tympani,  must  possess  other 
properties  than  those  which  pertain  to  ordinary  resonators,  e.g.  to 
stretched  membranes.  Smallness  of  mass  and  great  resistance 
appear  to  be  the  principal  causes  which  diminish  the  influence  of 
the  proper  tone,  exactly  as  they  diminish  the  influence  of  inertia- 
waves  in  manometers,  &c. 

Another  circumstance  tending  to  diminish  the  disturbance 
from  the  proper  tone  is  this, — that  waves  of  very  small  amplitude 
sufl&ce  to  stimulate  the  extremely  sensitive  auditory  nerves  ;  while 
with  small  amplitude  of  wave  the  influence  of  the  proper  tone  is 
at  a  minimum.  Indeed,  appliances  exist  in  the  ear  for  diminishing 
amplitude  with  a  corresponding  gain  in  force.  Thus  a  considera- 
tion of  the  outward  curvature  of  its  meridians  shows  that  the 
conical  tympanic  membrane  must  receive  all  impulses  in  such  a 
manner  that  they  react  upon  its  apex  as  if  they  had  been  received 
on  the  long  arm  of  a  lever,  which  moved  the  apex  by  means  of  its 
short  arm.  And  of  similar  import  is  the  circumstance  that  the 
manubrium  of  the  malleus,  reckoned  from  the  axis  of  rotation,  is 
one  and  a-half  times  as  long  as  the  long  process  of  the  incus 
(Helmholtz),  a  relationship  in  regard  to  which  fig.  65  is  incorrect. 

In  view  of  the  small  amplitude  of  wave  needed  to  affect  the 
auditory  neves,  it  is  highly  improbable  that  the  articulations  of 
the  auditory  ossicles  have  any  special  part  to  play,  or  that  the 
membrane  of  the  fenestra  rotunda  is  pushed  outwards  at  every 
vibration  of  the  system.  These  arrangements  seem  rather  de- 
signed to  render  the  labyrinthine  liquids  independent  of  the  vari- 
ations in  position  of  the  tympanic  membrane. 

Hence  we  can  luiderstand  kow  hearing  is  possible  even  in  the  absence  of 
tympanic  membrane  and  auditory  ossicles,  imder  which  conditions  the  air  acts 
as  conductor,  and  the  fenestra  ovalis  and  fenestra  rotunda  both  take  up  the 
vibrations.  That  the  fenestra  rotunda  is  capable  of  doing  so  is  shown  by  the 
fact  that  it  may  actually  be  seen  to  vibrate  in  response  to  aerial  waves  of  sound 
(though  not  to  such  aa  are  conducted  through  bone)  after  the  fenestra  ovalis  has 
been  firmly  closed  (Weber — Liel). 

Although  the  tympanic  membrane  follows  exactly  all  sorts  of 
vibrations,  yet  its  proper  tone,  when  opportimity  offers,  shows  that 
it  is  not  without  its  influence.  Thus,  an  increase  of  tension  of 
the  membrane,  which  raises  its  proper  tone,  renders  higher  tones 
more  distinctly  audible,  and  thus  a  sort  of  accommodation  for  high 
tones  becomes  possible  ;  but  about  the  actual  exercise  of  this 
accommodation  little  is  certainly  known.  Moreover,  a  high  ten- 
sion of  the  tympanic  membrane  diminishes  the  intensity  of  the 


442  ACCOMMODATION  OF  THE  EAR.   EUSTACHIAN  TUBE. 


vibrations,  and  hence  exerts  a  damping  influence  (J.  Miiller). 
Such  an  exalted  tension  would  be  brought  about  by  contraction  of 
the  tensor  tympani  muscle,  while  in  all  probability  the  stapedius 
muscle  has  the  opposite  effect  of  diminishing  the  tension.  But, 
in  addition,  the  position  and  tension  of  the  tympanic  membrane 
are  closely  dependent  on  the  atmospheric  pressure  of  the  tympanic 
cavity,  which  again  can  be  brought  into  dependence  on  that  of  the 
outer  air  thi-ough  the  Eustachian  tube.  This  tube — a  bony  tunnel 
at  the  ear,  but  possessed  of  membranous  and  cartilaginous  walls  at 
its  pharyngeal  extremity — is  regarded  by  most  observers  as  con- 
stantly closed  except  during  the  act  of  swallowing,  when  it  is 
momentarily  opened.  If  from  any  cause  it  be  kept  permanently 
closed,  the  deviation  of  the  pressure  within  the  tympanum  from 
the  normal  brings  about  a  change  in  position  of  the  membrane, 
and  consequent  deafness. 

Such  deviations  may  artificially  be  produced,  in  what  is  known 
as  Valsalva's  experiment,  by  first  closing  the  oral  and  nasal  open- 
ings and  then  making  strong  expiratory  or  inspiratory  efforts. 

In  addition  to  an  accommodation  of  the  tj'mpanic  membrane  foi'  high  tones 
by  means  of  the  tensor  tympani  muscle,  an  accommodation  for  low  tones  is  said 
to  be  possible  by  means  of  the  stapedius.  The  former  occui-s  as  an  associated 
movement  on  closing  the  mouth,  and  the  latter  on  fii-mly  shutting  the  eyes 
(Lucae). 

A  cross-section  of  the  Eustachian  tube  at  the  pharyngeal  end  has  the  form 
of  a  vertical  slit  which  is  bent  outwards  above.  Within  the  angle  of  the  bend, 
fibres  of  the  tensor  palati  muscle  are  inserted  into  the  outer  wall  of  the  tube, 
and,  on  contracting,  draw  it  away  from  the  inner  wall,  thus  opening  the  tube. 
This  occurs  with  every  act  of  deglutition,  and  probably  also  of  yawning.  Tt 
should,  however,  be  remarked  that  the  mechanism  of  opening  the  Eustachian 
tube  is  still  much  debated.  Thus  some  deny  any  participation  of  the  tensor 
palati  in  the  act,  since  during  its  occurrence  the  velum  palati  remains  at  rest 
(Yule)  and  accounts  difter  even  about  the  usual  state  of  the  pharyngeal  end 
of  the  tube.  In  short  every  possible  condition  has  been  suggested,  from  con- 
stant closure  except  at  swallowing  (Toynbee,  Politzer,  Moos,  and  others),  to 
constant  openness  (Riidinger,  Lucae),  and  even  constant  openness  except  in  the 
act  of  swallowing  (Oleland,  Lucae).  It  matters  not  that  marked  variations  of 
atmospheric  pressure,  in  a  confined  space,  cause  perceptible  movements  of  the 
tympanic  membranes  (Mach  and  Kessel),  for  such  would  be  theefiect  even  if  the 
Eustachian  tube  were  patent,  provided  the  opening  were  small  enough  (Lucae). 

It  is  hardly  probable  that  the  Eustachian  tube  is  a  means  of  hearing  one's 
own  voice ;  for  it  may,  as  above  stated,  be  closed  for  the  greater  part  of  the 
time,  and  the  voice  sounds  abnormal  in  circumstances  where  the  tube  is  un- 
doubtedly open. 

The  closure  of  the  Eustachian  tube  is  of  advantage  for  the  powerful  con- 
duction of  sound  ;  as  is  also  the  communication  of  the  tympanic  chamber  with 
the  irregular  cavities  of  the  mastoid  cells  (Mach  and  Kessel). 

Just  as  normally  the  vibrations  of  the  air  are  transmitted  to  the  vibrating 
parts  of  the  organ  of  hearing  by  the  membrana  tympani,  so  the  reverse  happens 
when  the  organ  of  hearing  is  primarily  (by  conduction  through  bone,  as,  f.//.  in 
the  case  of  one's  own  voice)  set  in  vibration;  this  mode  of  conduction  diminishes 
the  vibrations  of  the  ear  (Mach).  By  preventing  the  transmission  of  vibrations 
outwards  (closing  the  meatus)  the  sound  of  one's  own  voice,  conducted  by  the 
bones,  is  increased  (Weber). 
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Excitation  of  the  Terminal  Organs  of  the  Auditory  Nerve. 

The  end-organs  of  the  auditory  nerve  are  distributed  on  the 
inner  surface  of  the  hollow  structures  which  fill  the  greater  part 
of  the  labyrinth.  In  man  there  are  distinguished  two  sets  of  these 
structures  :  1.  The  Utricle,  with  the  membranous  labyrintli  of 
the  semicircular  canals  almost  filling  their  osseous  counterpart ; 
2.  The  Saccule,  with  the  canalis  cochlearis  of  the  cochlea. 
The  latter  cavity  is  formed  by  two  membranes,  the  memhrana 
basilaris  and  the  membrane  of  Reissner,  which  proceed  from  the 
edge  of  the  lamina  spiralis  and  radiate  outwards  to  two  points  of 
the  periphery  of  the  spiral  cavity  of  the  cochlea.  The  canal  in- 
cluded between  these  membranes  projects,  at  the  base  of  the 
cochlea,  into  the  vestibule,  and  is  connected  with  the  saccule  by 
the  fine  canalis  reuniens  (Hensen). 

Both  sets  of  organs  are  lined  with  a  continuous  epithelium  and 
filled  by  a  viscid  liquid,  endolymjoh.  The  rest  of  the  bony  laby- 
rinth— viz.  the  vestibule  outside  the  utricle  and  saccule ;  the 
narrow  space  of  the  osseous  semicircular  canals  outside  the  mem- 
branous canals ;  and  lastly  the  spaces  above  and  below  the  lamina 
spiralis  and  the  canalis  cochlearis,  or,  in  other  words,  the  scala 
vestibuli  and  the  scala  tympani  leading'  to  the  fenestra  rotunda — 
all  these  spaces  are  filled  by  a  peculiar  thin  liquid,  the  perilymph. 
Of  these  liquids  the  endolymph  may  be  likened  to  the  vitreous 
body  of  the  eye,  and  the  perilymph  to  the  aqueous  humom*. 

The  present  state  of  knowledge  as  to  the  terminal  organs  of  the  auditory- 
nerve  may  he  stated  as  follows  : — 

1.  Nerve-Endinc/s  in  the  Ampullee  and  Vestibular  Sacs  {Saccule  and  Utricle). 
— In  the  amindleB  the  nerve-endings  are  contained  in  a  yellowish,  semicircular, 
equatorial  septmn,  which  is  a  thickening  of  the  membranous  labyrinth  (Scarpa, 
Steifensand,  M.  Schultze).  Its  structm'e,  particularly  in  the  skate,  as  inves- 
tigated by  M.  Schultze,  may  be  thus  described.  The  simple  epithelium  of  the 
ampullee  is  raised  on  the  septum  of  hard  connective  tissue,  so  as  to  form  a 
thick  cushion  consisting  of  several  layers,  from  which  fine  stiff  bristles  (the 
auditory  cirrJd)  project,  of  such  length  as  almost  to  reach  the  opposite  wall 
of  the  ampullfe.  The  nerves,  which  suddenly  part  with  their  medullary  sheaths 
at  the  biirder  of  the  connective  tissue,  are  distributed  in  the  epithelial  mass, 
breaking  up  into  naked  axis-cylinders  of  extreme  fineness. 

The  cells  of  the  epithelial  layer  are  of  the  following  kinds : — 
a.  Several  layers  of  cylindrical  nucleated  epithelial  cells,  of  which  the 
deepest  (called  '  Basal-cells ')  are  somewhat  pyramidal  and  pointed,  b.  Spindle- 
shaped  cells,  each  of  which  lias  two  long  fine  processes,  one  of  which  is  directed 
towards  the  surface  where  it  seems  to  end,  while  the  other,  which  is  frequentlj'- 
varicose  (these  varicosities  being,  according  to  Schultze,  artificial  products), 
tends  towards  the  base,  its  mode  of  termination  being  uncertain.  These  spindle- 
shaped  cells,  with  their  fibres,  are  nervous  structures,  and  are  supposed  to  con- 
stitute the  ends  of  the  fine  axis-cylinders,  c.  Round  or  cylindrical  cells  in  the 
superficial  layer,  each  of  which  sends  out  one  of  the  auditory  cirrhi  or  hairs 
already  referred  to.  According  to  some,  these  cirrhi  spring  out  of  the  super- 
ficial processes  of  the  nerve  cells. 
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In  the  vestibular  sacs,  as  observed  in  fishes,  the  nerve-endinjrs  are  in  Hkp 
manner  contained  in  a  crescentic  septum,  which  however  is  les^de^^t.^^^  \l 
this  s  ructure  the  same  elements  are  found  as  in' that  Tf  thramrur  w1^^  the 
exception  of  the  cirrhi,  the  place  of  which  is  taken  by  the  oS'  tL  is 
accurately  applied  to  that  part  of  the  inner  wall  of  the  sacculus  wh  ch  beaiB  the 
septum,  for  the  reception  of  which  it  is  grooved.  The  otolith  consiSs  of  a  hard 
or  pasty  mass  of  minute  prisms  of  calcic  carbonate  in  the  form  of  L^alnite 
and,  invested  by  a  soft  sheath,  is  suspended  in  the  viscid  fluid  SLmb K 
vitreous  humour  {endol^nrph)  which  occupies  the  cavity  (M.  Schultze  Here 
suifaca"'     '  '        *°       seenwhere  the  otolith  is  not  appuid  tf  the 

In  Mammalia,  instead  of  a  crest  'or  ridge,  there  is  found  a  shallow  Macula 
ncusUca,  covered  with  otolithic  powder.    According  to  more  recent  TesearcbS 

co~s"two  S*''f'['^'  '\  """""  '^P^'^^^^""^  ampulfrand  saccu 

Tli  r   •  °f  wl'^^^^^^  cirrhi  than  the 

other     The  cirrhi  of  both  sorts  protrude  through  a  thick  cxdicvla  corresponding 
o  the  memhrcma  rettculans  of  the  cochlea.    The  sheaths  of  the  otoUths  ap2 
to  represent  the  membrana  tectoria  of  the  coclilea 

H'^f^'''  (^'•^''^  of  Corti).~1\,^  special  canal  which 
winds  round  the  columella  of  the  cochlea  is  divided  into  three  channels,  viz.  the 
Scdn  vesUbnh  {Sc.  Ve  fig.  66),  tlie  Scala  tympani  {Sc.  Ty.),  and  the  clLct  of  the 
toc/dea  {CO.)  which  lies  between  them— by  the  bony  pai-t  of  the  lamina  spiralis 

Fig.  66. 


{L.O.),  and  by  the  two  membranes  which  stretch  across  from  this  structure  to 
the  outer  wall  of  the  canal,  namely,  the  membrana  basilaris  {M.  b.)  and  the 
memhrane  of  Reissne?-  {M.R.)  The  fibres  of  the  cochlear  nerve,  which  are  con- 
tained in  the  columella,  spread  out  from  it  in  the  form  of  a  fan,  which  winds 
spirally  round  it,  entering  the  duct  of  the  cochlea  by  the  radiating  canaliculi  of  the 
lamina  osaea  {N.N.),  in  order  to  reach  the  oryan  of  Corti.  This  organ,  according 
to  the  latest  researches  (Kolliker,  Bottcher,  Waldeyer  and  Gottstein,  v.  Wini- 
warter), has  the  following  structure  : — The  epithelial  lining  of  the  duct  of  the 
cochlea  assumes  on  the  membrana  basilaris  a  peculiar  development.  In  every 
radial  section,  two  hardish  elastic  pillars  {a  and  b)  are  seen,  which  articulate 
■with  each  other  by  their  heads.  These  are  called  the  'arches  or  pillars  of 
Coj-fV  On  the  inner  side  of  each  internal  pillar  an  '  internal  hair-cell '  (c)  is  to 
be  found,  which  is  in  connection  with  the  nerve  fibre.  In  like  manner,  on  the 
outer  side  of  the  outer  pillar,  there  are  a  number  of  *  eternal  hair-cells '  (rf). 
These  (which  in  mammalia  generally  are  three  in  number,  but  in  the  human 
cochlea  four  or  five,  while  in  birds  and  amphibia  they  are  wanting)  are  also 
provided  with  nerve  fibres  (e).  The  heads  of  the  pillars  of  Oorti  have  each  of 
them  a  process  by  which  it  contributes  to  the  formation  of  a  supporting  net- 
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■work  (the  lamina  reticularis),  tlie  level  of  which  coincides  with  that  of  the 
epithelial  border  (lamina  reticularis,  /./.)  In  the  rings  of  this  beautiful  net- 
work, the  heads  of  the  hair-cells  lit  iu  quiucuucial  arrangement.  The  whole 
oro-an  of  Oarti  is  covered  by  a  soft  membrane  {M.  t.),  which  springs  from  the 
lamina  ossea,  and  floats  by' its  free  edge  (</)  in  the  fluid  of  the  cochlear  duct. 
(The  drawing  is  diagrammatic.) 

As  already  remarked,  the  course  of  the  sonorous  waves  cannot 
be  tracked  through  the  complicated  labyrinth  and  the  various 
media  contained  in  it.  The  circumstance  that  part  of  the  audi- 
tory nervous  epithelium  is  provided  with  cirrhi  projecting  into 
oscillating-  endolymph,  while  another  part  is  in  contact  with  hard 
bodies  suspended  in  the  same  medium,  has  been  thought  to 
favour  the  hypothesis  that  stimulation  of  the  auditory  nerve  is 
brought  about  mechanically  by  the  vibrations  of  the  endolymph, 
as  in  the  mechanical  production  of  tetanus  in  ordinary  nerve.  This 
explanation  must  be  received  with  caution,  because,  in  the  first  place, 
cirrhi  or  cilia  are  not  confined  to  the  auditory  organ,  but  are  found 
in  other  organs  of  sense  ;  and,  in  the  second  place,  the  intensity  of 
the  supposed  labyrinthine  stimuli  is  indefinitely  small  as  com- 
pared with  the  intensity  of  the  mechanical  stimuli  needed  to  affect 
other  nerves.  Hence  it  is  necessary  to  assume  for  the  auditory 
nerve  a  peculiar  sensitiveness  ;  which  is  practically  confessing  that 
we  know  as  little  about  the  stimulation  of  the  auditory  nerve  by 
sound  as  of  the  optic  nerve  by  light. 

The  peculiar  function  of  individual  parts  of  the  labyrinth  will 
be  discussed  below. 


Characteristics  of  the  Sensation  of  Heanng. 

The  excitation  of  the  terminal  organs  of  the  auditory  nerve  by 
the  vibrations  of  the  liquid  contents  of  the  labyrinth,  or  any  other 
excitation  of  the  auditory  nerve  fibres,  causes  an  auditory  sensa- 
tion. The  'amplitude'  of  the  waves  determines  the  intensity  of 
the  perception  of  sound,  while  the  '  length '  of  the  waves,  or  the 
number  of  the  vibrations  in  a  given  time,  determines  the  pitch  of 
the  tone  heard. 

As  regards  p^itch,  the  range  Avithin  which  sounds  can  be  dis- 
tinguished is  very  considerable,  and  the  limits  are  probably  deter- 
mined, not  by  the  excitability  of  the  auditory  nerve,  but  by  the 
vibratory  capacity  of  the  transmitting  organs,  e.g.  of  the  tym- 
panum. 

The  interval  between  the  lowest  tone  audible  (40  vibrations) 
and  the  highest  (16,000  to  20,000)  amounts  to  8^  or  9  octaves 
whereas  the  interval  between  the  limits  of  visibility  of  the  red 
and  violet  rays  reckoned  in  an  analogous  manner  does  not  reach 
one  octave. 
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The  limits  of  audibility  are  often  Tnuch  wider  than  those  given  above,  even 
as  wide  as  nearly  11^  octaves,  or  14  to  41,000  vibrations  per  second  (Preyer^). 
The_  upper  limit  varies  so  much  that  many  persons  cannot  hear  the  chirping  of 
a  cricket  or  the  higher  partial  tones  of  sibilant  sounds ;  and  the  variations  in 
the  lower  limit  may  be  compared  with  red  blindness  or  Daltonism. 

The  term  '  tone '  is  now  restricted  to  those  sounds,  hardly  ever 
occurring  in  nature,  which  are  due  to  pendulum-like  vibrations, 
and  whose  amplitude,  therefore,  is  proportional  to  the  sine  of  the 
time.  Ordinary  sounds  consist  of  'musical  tones,'  or  those  whose 
periodicity  is  well  marked  ;  and  of  '  noises '  which  are  not  periodic, 
or  whose  periodicity  is  not  marked  enough  to  constitute  them 
musical  tones. 

The  essence  of  a  compound  musical  sound,  and  its  analysis  into  simple  tones, 
has  been  already  discussed  (p.  317).  Simple  tones  can  only  be  artificially  pro- 
duced by  throwing  a  resonator  into  consonance  with  one  of  the  constituent  or 
partial  tones  of  a  compound  tone,  with  which  tone  it  is  in  tune.  For  such  a 
purpose  one  of  the  resonators  mentioned  on  p.  318,  or  the  resonance  tubes,  may 
be  employed  ;  or  a  monochord,  along  the  string  of  which  a  vibrating  tuning- 
fork  is  made  to  slide  until  the  string  is  of  such  length  that  its  'proper  tone' 
is  in  unison  with  a  constituent  tone  of  the  compound  sound  produced  by  the 
tuning-fork  (Helmholtz). 

The  distinctions  of  quality  in  sensations  of  sound,  in  face  of 
the  doctrine  of  specific  energies,  can  no  better  be  explained  on  the 
assumption  that  one  fibre  is  capable  of  stimulation  in  different 
ways,  than  the  same  distinctions  in  sensations  of  light.  But 
since  the  number  of  distinguishable  qualities  is  infinite,  while  the 
number  of  auditory  fibres  is  limited,  we  must  suppose,  as  in  the 
analogous  case  of  light,  that  a  decomposition  of  the  sound  into 
certain  simple  components  occurs,  for  each  of  which  a  simple  fibre 
is  provided.  This  supposition  regarding  the  ear  does  not  involve 
such  important  difficulties  as  in  the  eye,  where  all  the  species  of 
fibres  must  fiu'ther  be  supposed  to  be  again  collected  at  every 
colour-perceiving  point  of  the  retina ;  for  in  the  ear  it  is  only 
necessary  that  they  should  exist  somewhere  within  reach  of  the 
sound-stimuli.  In  support  of  an  hypothesis  of  a  resolution  of 
sounds  in  the  ear  and  an  apparatus  for  picking  out  special  com- 
ponents, the  following  direct  experiments  may  be  adduced  (Helm- 
holtz) : — 

If  two  different  simple  tones  of  a  given  force  are  produced 
simultaneously,  mutual  disturbances  in  their  wave-systems  become 
perceptible,  which  give  rise  in  sound-conducting  media — e.g.  the 

air  to  new  vibrations.    These  new  vibrations  are  of  two  orders, 

in  one  of  which  the  vibration  number  is  equal  to  the  diference 
between  the  two  primary  vibration  numbers,  and  in  the  other  to 
their  sum.  Although  in  this  case  only  one  resulting  wave-system 
reaches  the  ear  and  is  transmitted  unchanged  through  the  conduct- 

•  Prcvtr,  '  Ueber  die  Grenzen  der  Tonwahrnehmunpr.'  Sammliing  Physwlogischrr 
Abhandlimgen.    Herausgegeben  von  W.  Preyer.    1  Bd.,  Jena,  1877. 
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ing  media  to  the  nerve-endings,  four  separate  single  tones  are 
heard  at  the  same  time,  provided  the  intensity  is  sufficient ;  that 
is  to  say,  two  primary  and  two  combinational  tones.  Of  these  last, 
one  is  the  differential  tone,  the  other  the  summational  tone. 

Whenever  a  compound  tone  is  produced  we  recognise  in  it  its 
specific  composition — in  other  words,  th?  musical  colour  {Klang- 
farbe),  timbre,  or  '  quality,'  which  accompanies  the  fundamental 
tone.  Besides  this,  each  single  constituent  tone  of  the  compound 
tone  may,  without  special  practice,  be  singled  out  from  it  by  the 
ear,  provided  that  immediately  before  the  production  of  the  com- 
pound tone  the  single  tone  has  been  heard. 

Finally,  the  effect  produced  by  the  simultaneous  sounding  of 
many  compound  tones  is  not,  as  one  might  expect  from  the  com- 
plexity of  the  resulting  wave-systems  which  pass  through  the  ear, 
a  mere  noise,  for  each  separate  tone  can  be  clearly  distinguished. 
Indeed,  in  an  orchestra,  one  instrument  can  be  singled  out  from 
the  rest,  and  its  sounds  followed. 

All  these  observations  point  to  the  conclusion  that  there  is  in 
the  organ  of  heaiing  an  arrangement  which  resolves  every  wave- 
system,  however  complex,  into  simple  pendulum  vibrations ;  just 
as  every  compound  tone  may  be  resolved  by  resonators  into  its 
constituent  tones.  They  indicate  further  that  every  simple  partial 
vibration  excites  a  particular  nerve  fibre,  and  by  doing  so  brings 
about  the  sensation  of  a  simple  tone.  This  supposition  is  raised 
into  a  certainty  by  the  following  observation  (Helmholtz) :  If 
several  simple  tones,  each  beginning  at  a  different  time,  in  such  a 
way  that  different  phases  of  their  vibrations  are  coincident,  are 
combined  into  one  compound  tone,  the  most  manifold  variations 
of  the  combined  wave-system  result.  If  the  auditory  nerves  were 
excited  to  different  forms  of  functional  activity  by  the  wave- 
system  as  such,  then  the  impressions  of  musical  sounds  received 
would  vary  in  each  experiment.  But  if  the  experiment  is  made 
with  the  vowel  apparatus  mentioned  on  pp.  326  and  327,  it  is 
found  that  in  all  cases  the  same  musical  sound  is  heard ;  the 
slightest  difference  would  manifest  itself  in  a  corresponding  differ- 
ence in  the  vowel  sound. 

Every  resonator  answers,  not  only  to  its  proper  tone,  but  also  to  tones  which 
are  very  near  it ;  the  further,  however,  the  two  tones  are  apart,  the  feebler  is  the 
resonance.'  The  difference,  as  regards  pitch,  at  which  a  resonator  is  capable  of 
being  excited  by  a  tone  (called  the  range  of  sympathetic  vibration)  varies  propor- 
tionately to  the  completeness  with  which  the  resonator  is  damped.  The  deo-ree 
of  damping  is  measured  by  the  number  of  vibrations  which  must  occur  before  the 
intensity  is  reduced  to  a  definite  i'raction — say  to  one-tentli  of  what  it  was  at 
first.  On  the  other  hand,  the  extent  of  the  sympathetic  vibration  executed  by 
any  tone  can  be  measured  by  the  difference  between  this  tone  and  the  proper 


1  In  point  of  fact,  the  strongest  answering  tone  is  somewhat  different  from  the  proper 
tone  of  tlie  resonator  ;  the  two  would  only  be  absohitely  identical  if  friction  and  resistance 
of  the  air  were  nil. 
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toue  of  the  resonator  when  the  former  excites  the  resonator,  as  its  proper  tone 
does,  but  with  a  definite  fraction,  say,  one-tenth  of  its  intensity.  If  this  dif- 
ference is  known,  the  degree  of  damping  of  the  resonator  can  be  calculated,  and 
vice  vm-sd.  The  following  Table  shows  the  relation  in  which  each  stands  to  the 
other  (Helmholtz) : — 

Difference  of  pitch  (the  intensity  of  the 
sympathetic  vibration  being 
reduced  to  one-tenth). 

Eighth  of  a  Tone 
Foui-th  of  a  Tone 
Semitone  ..... 
Three-fourths  of  a  Tone 
A\Tiole  Tone  .... 
Five-fourths  of  a  Tone 
Tempered  Minor  Third  (1^  Tone) 
Seven- fourths  of  a  Tone 
Tempered  Major  Third  (2  Tones) 

The  degree  of  damping  of  the  resonator  in  the  ear  may  be  ascertained  by 
the  following  experiment : — A  shake,  of  which  the  beats  recur  ten  times  in  a 
second,  can  be  heard  with  perfect  distinctness  at  all  -parts  of  the  scale  down  to 
the  low  A  (110  vibrations)  without  the  impression  of  the  alternation  of  the  two 
tones  being  obliterated  in  the  ear  by  the  after-sounding  of  the  vibrating  parts. 
Below  A  this  is  the  case.  Assuming  then  that  the  intensity  of  the  vibrations 
must  sink  to  one-tenth  in  order  that  when  the  same  tone  recurs,  that  is  to  say, 
after  an  interval  of  a  fifth  of  a  second,  it  is  no  longer  audible,  it  follows  that 
the  parts  of  the  organ  of  hearing  set  into  vibration  by  A  after  a  fifth  of  a  second, 
i.e.  22  vibrations,  contimie  to  vibrate  with  only  a  tenth  of  their  original  inten- 
sity. The  degree  of  damping  of  the  resonators  in  the  ear  must  therefore  corre- 
spond to  about  the  second,  or  perhaps  the  third  or  fourth  degree  of  the  Table 
given  above  ;  and  it  is  actually  observed  that  below  A  the  shake  becomes  rough 
and  confused.  Taking  the  tlalrd  degree  as  the  correct  ore,  if  the  intensity  of 
excitation  of  the  resonator,  by  its  proper  tone,  is  equal  to  100,  its  excitation  by 
other  tones  approximating  it  in  pitch  will  be  as  follows : 

Difference   of  pitch  inl 

fractions  of  a  whole  [  0  01  0-2  0-3  0-4  0  5  0-6  0-7  0'8  0-9  1-0 
Tone  J 

Intensity  of  sympathetic  1  -^qq  34    15    10   7-2  6-4  4-2  3-3  2-7 

vibrations    ....  J 

The  parts  of  the  ear  which  are  set  into  vibration  by  the  note  A  are  therefore 
affected  with  only  one-tenth  of  the  intensity  by  any  tone  which  is  removed 
half  a  tone  from  A  in  pitch ;  hence  the  same  resonators,  cannot  be  called  into 
action  for  A  sharp  and  A  flat,  as  for  A.  This  is  another  argument  in  favour  of 
the  theorv  above  quoted  (Helmholtz). 

The  occurrence  of  deafness  for  a  series  of  tones,  e.g.  the  deepest  notes  (bass 
deafness),  which  is  frequently  observed,  favours  the  opinion  that  there  exist  in 
the  ear  separate  organs  for  the  perception  of  tones  of  difierent  pitch  (Moos). 
Accordin"'  to  this  theory  any  simple  tone  would  excite  the  particular  resonator 
in  the  ear  of  which  the  proper  tone  is  nearest  to  it,  with  the  greatest  intensity, 
those  adjoining  it  with  less.  ,      .p  1 

Theoretical  considerations,  however,  indicate  -that,  if  the  membrana  tympani 
is  excited  bv  a  simple  tone,  it  vibrates  at  the  same  time  with  the  harmonic 
overtones  of  "^the  exciting  tone ;  so  that  the  resonators  answering  to  these  over- 
tones are  excited,  as  well  as  those  answering  to  the  original  tone,  and  therefore 
a  simple  tone  is  never  heard  (J.  J .  Miiller). 


Number  of  vibrations  which 
occur  before  the  intensity 
of  the  tone  of  tlie  re- 
sonator is  reduced  to 
one-tenth. 

38-00 
1900 

9-50 

6-33 

4-75 

3-80 

3-17 

2:71 
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The  analysis  of  compound  tones  in  the  ear  can  only  be  effected 
by  a  system  of  resonators.  It  is  still  a  matter  of  conjecture  what 
part  of  tbe  ear  is  to  be  regarded  as  constituting  such  a  system. 
The  cochlea  claims  the  first  consideration  in  this  point  of  view. 
If  we  suppose  the  arches  of  Corti  to  be  resonators  (Helmholtz),  an 
obvious  correspondence  presents  itself  between  their  gradually 
increasing  dimensions  and  the  graduation  required  in  the  numbers 
expressing  their  proper  vibrations.  Or  we  may  take  the  simpler 
view  that  the  rays  of  the  membrana  basilaris  (Hensen),  due  to  the 
greater  tension  of  the  membrane  in  the  radial  than  in  the  longi- 
tudinal direction,  correspond  to  a  series  of  tense  strings  of  gradually 
increasing  length.  According  to  another  view,  the  auditory  cirrhi 
of  the  labyi-inth  and  cochlea  may  constitute  a  system  of  which  the 
graduation  is  dependent  on  the  varied  length  or  stiffness  of  these 
organs  (Hensen). 

According  to  KoUiker,  the  coclilea  contains  about  3,000  arclies  of  Corti. 
Deducting  200  for  tones  which  are  musically  unavailable,  2,800  remain  for  the 
seven  octaves  that  are  musically  audible  (from  0  ii.  to  H  vi.)  Hence  tbere  are 
400  arches  to  each  octave,  and  33|  (  =  *—)  to  each  semitone.  As  skilled  mu- 
sicians can  distinguish  an  interval  amountmgto  ^4  of  a  semitone  (E.  H.  Weber), 
it  may  be  assumed  that  a  tone  which  is  intermediate  between  the  proper  tones 
of  two  adjoining  Oorti's  elements  wiU  affect  both  with  unequal  intensity,  and 
that  by  this  difference  the  pitch  wiU  be  perceived  (Helmholtz).  Slight  varia- 
tions or  imperfections  in  musical  intervals  are  more  readily  detected  by  the  ear 
than  the  mere  difference  of  neighbouring  tones  ;  thus  in  a  given  experiment  the 
tone  503  was  distinguished  from  the  tone  500,  the  interval  being  ~  of  a  toue, 
while  500-4  was  distingmshed  from  500-6  by  comparison  of  each  with  the 
octave  1,001,  although  the  difference  was  only  ~  of  a  tone  (Preyer). 

At  least  two  vibrations  following  one  another  with  rapidity  are 
necessary  to  excite  the  sensation  of  a  tone.  A  single  vibration 
causes  only  the  impression  of  a  tap.  If,  for  example,  a  card  is 
lield  against  the  teeth  of  a  revolving  Savart's  toothed  wheel,  so  as 
to  produce  sound,  the  tone  is  unaltered  so  long  as  the  rate  of 
revolution  remains  the  same.  If,  now,  all  the  teeth  excepting  the 
last  two  are  gradually  removed,  the  same  tone  continues  to  be 
heard,  although  it  becomes  duller,  just  as  a  colour  becomes  duller 
when  mixed  with  a  good  deal  of  '  black.'  If  the  last  tooth  but  one 
is  removed,  the  tone  vanishes  and  only  the  sensation  of  a  tap 
remains,  which  is  to  be  regarded  as  a  rapidly  vanishing  wave- 
system. 

If  many  different  simple  tones  are  so  combined  that  the  organ 
of  hearing  cannot  analyse  them,  or  if  they  follow  each  other  so 
rapidly  that  the  after-tones  of  each  preceding  tone  are  mingled 
with  those  of  its  successor,  so  that  a  confusion  arises  which  cannot 
be  analysed  by  the  ear,  and  in  which  no  periodicity  can  be  per- 
ceived, tbe  resulting  sensation  is  commonly  called  a  noise.  Many 
noises,  therefore,  are  only  very  complicated  musical  sounds,  in 
which  a  fundamental  or  prime  tone,  having  often  the  timbre  of 
a  vowel,  can  be  recognised.    According  to  the  vowel  sound  heard, 
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these  noises  receive  names  by  onomatopoiesis,  such  as  clickin;^, 
thundering,  clattering,  ci-ackling,  &c.  Besides  these  apparently 
unperiodical  sound  vibrations  (which,  however,  must  needs  be 
possessed  of  periodicity,  seeing  that  they  are  composed  of  tones), 
there  are  others  which  are  really  unperiodical,  and  to  the  impres- 
sion on  the  ear  of  these  the  term  noise  should  be  exclusively 
applied  (Helmholtz).  In  what  parts  of  the  organ  of  hearing  the 
perception  of  taps  and  noises  takes  place  is  at  present  matter  only 
of  conjecture  without  proof. 

The  mingling  of  successive  tones  would  be  much  more  constant,  and  music 
would  be  therefore  impossible,  if  the  damping  of  the  vibrating  parts  of  the  ear 
were  not  very  complete.  The  damping  apparatus  has  not  yet  been  thoroughly 
investigated.  It  has  been  supposed  by  some  that  the  otoliths  and  the  membrnna 
tectoria  of  the  cochlea,  which  lies  upon  the  organ  of  Oorti,  constitute  damping 
apparatus  (Waldeyer). 

Harmony  of  Musical  Sounds. 

If  several  musical  sounds  reach  the  ear  at  the  same  time,  an 
agreeable  or  disagreeable  impression  is  received,  the  nature  of 
which  is  vdtimately  connected  with  the  relations  of  the  vibrational 
numbers  of  their  prime  tones.  According  to  these  relations  we 
distinguish  consonant  (agreeable)  and  dissonant  (disagreeable) 
combinations  of  sounds.  The  octave  (1:2)  and  the  twelfth  (1:3) 
are  the  most  perfectly  consonant  sounds ;  then  follow  in  order  in 
the  direction  of  dissonance,  the  fifth  (2  :  3),  fourth  (3  :  4),  major 
sixth  (3  :  5),  major  third  (4  :  5),  minor  sixth  (5  :  8),  minor  tliird 
(5  :  6),  &c.  The  explanation  of  this  phenomenon  is  that  the  dis- 
agreeable impression  of  a  dissonance  consists  in  the  beats  caused 
by  it,  i.e.  in  the  variations  of  intensity  produced  by  the  inter- 
ference of  two  wave-systems  which  differ  somewhat  in  their  wave- 
lengths. Two  simultaneous  tones  of  different  pitch  strengthen 
each  other  whenever  the  wave  crests  or  the  wave  troughs  between 
them  coincide,  and  they  weaken  or  annul  each  other  when  crests 
coincide  with  troughs.  The  periods  of  recurrence  of  beats  must 
obviously  be  equal  to  the  difference  between  the  vibration  numbers 
of  the  two  tones  ;  the  smaller  the  interval  between  the  two  tones 
and  the  lower  the  pitch,  the  less  frequently  do  the  beats  occur. 
If  they  are  so  frequent  that  they  cannot  be  recognised  separately 
as  beats,  they  give  the  impression  of  a  painful  discontinuity  (com- 
parable to  the  flickering  of  a  light).  The  maximum  of  confusion 
and  roughness  is  experienced  when  the'l)eats  recur  thirty-three 
times  in^a  second.  The  more  nearly  the  constituent  tones  of  two 
simultaneous  compound  tones  coincide  with  each  other  or  with 
combinational  tones  so  as  to  give  rise  to  beats  of  moderate  fre- 
quency, the  greater  will  be  the  discord. 

For  further  explanation  attention  is  directed  to  the  Table, 
which,  starting  from  the  prime  tone  C  (256  vibrations),  sets  forth 
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the  vibration  numbers  of  its  constituent  tones,  as  well  as  those  of 
some  of  the  tones  derived  from  it.  If  all  the  conditions  of  disso- 
nance were  given,  the  Table  would  also  exhibit  the  combinational 
tones,  whicli,  are,  however,  not  here  taken  into  consideration. 
The  small  figures  denote  the  number  of  beats  which  a  constituent 
tone  makes  with  the  two  constituent  tones  of  the  fundamental 
compound  tone  (GrundJclang)  which  are  nearest  to  it. 

It  is  seen  from  the  Table  that  in  the  somids  of  the  octave  and  tsvelfth  there 
are  no  constituent  tones,  except  those  which  are  also  in  the  fundamental  sound ; 
here  therefore  no  beats  are  possible — the  octave  and  twelfth  are  in  '  absolute  ' 
consonance.  In  the  sound  of  the  fifth,  constituent  tones  exist  which  are  not  in 
the  fundamental  tone,  but  these  are  not  brought  into  such  collision  with  those  of 
the  fundamental  tone  nearest  to  them  as  to  cause  beats  ;  the  fifth  therefore  is  a 
'  perfect '  consonant.  The  conditions,  however,  for  beats  exist  in  the  constituent 
tones  of  the  fourth,  major  sixth  and  major  third  (' medial '  consonances),  and 
in  an  even  greater  degree  in  those  of  the  minor  sixth  and  minor  third  ('  imper- 
fect' concords),  and  still  more  in  those  of  the  seventh,  second,  &c.  (dissonances). 
It  is  also  seen  that  the  number  of  beats  gradually  approaches  33.  Dissonance 
is  occasioned  by  any  interval,  the  more  readily  the  lower  the  pitch.  (Compare 
the  statement  above.)  On  these  principles  rest  the  sciences  of  harmony  and 
temperament,  which  cannot,  howev^er,  be  entered  upon  here.  The  relation  of 
constituent  tones  (their  '  melodic  relationship')  is  also  important  with  regard 
to  the  succession  of  sounds  which  constitutes  melody.  If  a  sound  is  followed 
by  its  octave,  no  new  tone  is  heard,  the  attention  is  not  attracted  by  any  new 
impression.  The  contrary  is  the  case  when  a  note  is  followed  by  its  fifth  or 
fourth,  &c. 

If  a  compound  tone,  of  which  the  prime  tone  makes  n  vibrations  in  a  second, 
is  heard  along  with  others,  the  smallest  number  of  beats  per  second  depends  on 
the  relation  between  the  two  tones,  as  follows: — The  fundamental  tone  in 

simultaneous  vibration  with  the  fifth  gives  f  beats,  with  the  fourth  and  major 
sixth  3  ,  with  the  major  third  i",  with  the  minor  sixth  and  minor  third  -  ^  with 

the  major  seventh  and  major  second  (a  whole  tone)  ^ ,  with  the  minor  second, 

(semitone)  J^n,  &c.  This  may  be  more  generally  expressed  as  follows :— If  n  re- 
presents the^vibrational  number  of  the  deeper  fundamental  tone,  and  m  that  of  the 

higher,  and  the  fraction  is  reduced  to  the  smallest  whole  numbers  (^.),  then 
the  minimum  number  of  beats  is  =  In  other  words,  the  smaUer  n  is  (that 
is  the  lower  pitch)  and  the  greater  is  (that  is,  the  more  incommensui-able  the" 
fraction  which  expresses  the  interval),  the  smaller  is  the  mmimum  number  of 
beats  per  second. 

The  fraction  ~'  is  clearly  |  for  the  fifth,  |  for  the  fourth,  |  for  the  major 
sixth  5  for  the  major  third,  |  for  the  minor  sixth,  f  for  the  minor  third,  ^ 
the  maior  seventh,  |  for  the  major  second,  ff  for  the  minor  second. 

A  simple  experiment  shows  convincingly  that  the  essence  of  dissonance 
reallv  lies  n  the  beats.  If  one  of  two  perfectly  similar  tuning-forks,  standiiig 
on  i^sonance  cases,  is  put  more  and  more  out  of  tune  by  means  of  wax,  beats 
of  ncreasing  frequency  are  heard  on  sounding  them  ;  when  those  beats  reach 
a  certain  rate  of  frequency  the  characteristic  sensation  of  discord  is  perceived. 
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Reference  of  Auditory  Impressions  to  the  Exterior. 

The  cause  of  every  sensation  of  sound  which  is  transmitted  by 
the  membrana  tympani  appears  to  the  mind  to  come  from  outside, 
whereas  that  which  is  conducted  through  bone  appears  to  arise  in 
the  head  itself.  If,  e.g.,  the  head  is  held  under  water  the  impres- 
sions of  hearing  will  only  seem  to  come  from  outside  when  the 
external  ear  is  filled  with  air  (Weber).  As,  however,  even  in  this 
case  the  principal  conduction  is  by  means  of  the  bones  in  the  head, 
the  impression  of  extrinsic  origin  is  occasioned  by  the  sensibility 
of  the  membrana  tympani,  and  is  not  due  to  any  peculiarity  im- 
parted to  the  labyrinth  waves  emanating  from  the  stapes.  If  this 
be  so,  one  may  suppose  that  the  sensibility  of  the  membrana  tym- 
pani gives  information  as  to  the  direction  of  the  sound-waves 
which  reach  it,  and  perhaps  this  is  also  the  case  as  regards  the 
pinna,  which  from  its  numerous  projections  is  peculiarly  adapted 
to  judge  of  the  angle  at  which  the  sound  rays  fall  (Weber), 
especially  when  it  is  aided  by  its  movements.  (Compare  what 
follows.) 

Subjective  Sensations  of  Hearing. 

In  the  organ  of  hearing,  as  in  that  of  sight,  there  are  certain  '  suhjective 
sensations,'  which  depend  either  upon  peculiarities  in  the  excitation  of  the  uerve, 
or  upon  ahnormal  conditions  of  the  nerve  itself.  These  impressions,  however, 
appear  to  he  of  very  limited  occurrence,  and  have  been  as  yet  but  little  investi- 
gated. With  reference  to  after-tones,  it  may  with  probability  be  concluded 
that  when  a  series  of  tones  succeed  each  other  with  rapidity  (as^  for  example, 
when  the  teeth  of  a  Savart's  wheel  are  so  set  that,  instead  of  being  equidistant 
throughout,  they  are  at  different  distances  from  each  other  in  successive  seg- 
ments of  the  circmnference),  a  noise  is  produced  by  the  mixture  of  tones  whicii 
is  analogous  to  the  mixture  of  colom's  in  the  colour  top ;  nevertheless,  it  should 
be  kept  in  mind  that  the  after-tones  may  in  part  be  due  to  the  continued  re- 
sonance of  the  special  resonating  structures  of  the  ear.  '  After-sounds '  are  to 
be  regarded  as  physical  phenomena,  as  for  example  when  a  tone  or  a  piece  of 
music  rings  in  the  ear  long  after  the  sound  has  ceased  to  be  actually  heard. 
This  is  also  true  of  other  hallucinations  of  hearing. 

Amongst  subjective  impressions  may  be  mentioned  ringing  and  humming 
in  the  ears.  These  tones  or  noises  are  dependent  upon  the  excitation  of  the 
axiditory  nerves  by  unknown  causes,  and  are  particularly  apt  to  occur  when 
their  excitability  is  morbidly  increased.  The  subjective  musical  tones  which 
are  occasionally  observed  may  probably  be  explained  as  arising  from  abnormal 
excitation  of  the  nerve  fibre  corresponding  to  a  single  element  of  the  organ  of 
Corti ;  for  in  these  cases  there  is  at  the  same  time  excessive  sensibilitj^  to  the 
objective  sounds  which  correspond  to  those  heard  subjectively  (Moos,  Ozerny, 
Samelaon). 

Entotic  Impressions. 

From  subjective  sensations  may  be  distinguished  those  impressions  which 
have  their  soiu-ce  in  the  organ  of  hearing,  and  are  therefore  called  entotic.  To 
these  belong,  1,  rushing  sounds  caused  by  vibrations  of  the  air  in  the  external 
ear,  or  ui  the  cavity  of  the  tympanum, -when  their  communication  with  the 
atmosphere  is  interrupted— in  the  case  of  the  former  by  substances  covering  it, 
or  inserted  into  it,  or  by  cerumen ;  in  that  of  the  latter,  by  occlusion  of  tlie 
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Eustacliian  tube.  These  sounds  in  tho  external  ear  are  particularly  loud  when 
a  hollow  body,  such  as  a  tube,  in  which  the  air  vibrates,  is  applied  to  the 
auditory  passage,  so  as  to  lengthen  it ;  and  they  are  undoubtedly  due  to  the  fact 
that,  under  these  circumstances,  conduction  through  bone  is  more  perfect,  and 
hence  the  muscular  sounds  generated  in  the  muscles  of  the  head,  and  the  fric- 
tional  sounds  arising  in  the  blood-vessels,  &c.,  are  more  readily  perceived. 
2.  The  crackling  sound  caused  by  contraction  of  the  tensor  tympani,  as  to  the 
significance  of  which  see  p.  440.  3.  Hammering  sounds,  caused  by  the  pulsa- 
tion of  the  arteries  either  in  the  organ  of  hearing,  or  at  a  distance  from  it.  These 
become  more  audible  when  the  head  rests  upon  a  hard  body.  4.  Friction 
sounds,  caused  by  the  circulating  blood.    6.  Muscular  soimds,  &c. 

Binaural  Audition. 

By  hearing  with  both  ears,  as  by  seeing  with  both  eyes,  the 
two  organs  are  enabled  to  assist  each  other  mutually  and  to  correct 
each  other's  errors.  We  are  also  thereby  aided  in  determining 
the  locality  of  sound-producing  bodies.  Whether  the  terminations 
of  the  organ  of  hearing  possess  anything  corresponding  to  the 
'  identity '  which  exists  in  the  eyes,  whether  for  example,  the  ex- 
citation of  two  corresponding  fibres  of  both  cochleae  is  perceived 
as  a  single  sensation,  cannot  at  present  be  decided.  A  single  tone, 
although  it  is  heard  by  both  ears  is  heard  only  as  one,  in  which 
case  we  may  assume  that  the  elements  in  the  two  cochleae  which 
are  affected  by  it  correspond  with  each  other.  On  the  other  hand, 
Ave  can  distinguish  two  tones  even  when  both  ears  are  excited 
simultaneously  by  tones  of  the  same  pitch,  provided  that  either 
their  intensities  are  different  or  that  the  excitability  of  the  two 
corresponding  elements  is  unequal.  This  last  statement  is  proved 
by  the  following  experiment.  If  two  similarly  sounding  tuning- 
forks  are  held  one  before  each  ear,  and  one  of  them  is  made  to 
revolve  round  its  axis  in  such  a  way  that  the  tone  shall  alternately 
vanish  and  reappear  (four  times  in  one  revolution),  neither  fork  is 
heard  continuously,  but  both  sound  alternately,  the  fixed  one 
being  only  audible  when  the  revolving  one  is  not  heard  (Dove). 
The  excitability  naturally  diminishes  during  the  continuance  of 
the  sound,  but  less  on  the  side  of  the  revolving  tuning-fork  than 
on  the  other  side.  If  the  excitation  is  of  equal  intensity,  the  im- 
pression of  a  tone  will  be  perceived  only  on  the  side  on  which  the 
excitability  is  greater.  (This  result  is  of  course  not  obtained  when 
the  two  tones  are  different.)  P'rom  this  experiment  it  may  be 
concluded  either  that  the  excitations  of  two  corresponding  elements 
of  both  ears  can  be  distinguished  from  each  other,  or  that  the  ex- 
citation is  perceived  as  a  single  one,  but  is  referred  to  the  side  on 
which  the  excitation  is  strongest.  Both  conclusions  are  opposed 
to  the  admission  of  an  analogy  with  the  organ  of  sight.  The 
value  of  the  experiment  is,  however,  diminished  by  the  circum- 
stance that  in  all  probability  the  sounds  of  the  two  forks  are  not 
absohitely  identical.     Anotiier  fact  which  appears  to  militate 
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against  the  notion  that  we  perceive  excitations  of  both  ears  in 
common,  is  that  in  most  persons  (Fessel,  Fechner),  and  especially 
in  pathological  conditions  (v.  Wittich)  one  ear  perceives  the  same 
tone  at  a  higher  pitch  than  the  other. 

Appreciation  of  Direction. 

Two  opposite  membrange  tympani  and  pinnaB  must  naturally 
atiford  a  more  accurate  indication  of  the  direction  of  a  sound  than 
one  alone,  considering  that  by  turning  the  head  we  can  alter  the 
relation  of  the  ears  to  the  sounding  body.  It  is  even  conceivable 
that  the  different  local  relation  of  the  two  ears  to  objects  might 
enable  us  to  judge  of  distance.  The  position  of  the  ears  is  best 
adapted  for  the  discrimination  of  sounds  coming  from  the  sides. 
Those  from  before  or  behind  can  only  be  distinguished  by  turning 
the  head  or  by  the  position  of  the  pinns,  the  situation  of  which  is 
best  adapted  for  the  reception  of  waves  coming  from  the  front. 
These  are  therefore  heard  more  loudly  than  those  from  behind.  If 
the  pinnae  are  pressed  against  the  head  and  the  hands  placed  before 
the  external  meatus,  so  as  to  form  a  kind  of  ear,  sounds  coming 
from  behind  are  heard  more  loudly  than  they  would  be  other- 
wise. 

It  is  conceivable  that  in  the  conduction  of  sound  through  the 
bones  the  differently  directed  systems  of  waves  would  stimulate 
unequally  different  parts  of  the  ear.  The  semicircular  canals, 
which  are  arranged  in  three  co-ordinate  planes  at  right  angles  to 
one  another,  probably  are  concerned  in  the  appreciation  of  the 
direction  of  sounds  ;  as  is  rendered  specially  probable  from  the 
occurrence  of  certain  peculiar  movements  after  injvnies  inflicted 
upon  individual  canals  (Flourens Further  information  upon 
these  phenomena  and  upon  their  significance  will  be  furnished  at 
the  end  of  this  chapter. 

Protective  Organs  of  the  Ear. 

In  a  cei-tain  sense  the  pinnae,  especially  in  animals  where  they 
are  mobile,  may  be  regarded  as  protective  organs  for  the  ears, 
inasmuch  as  the  existence  of  projections  (e.g.  the  tragus  in  man) 
tends  to  hinder  the  penetration  of  dust  or  cold  air  into  the  ear. 
Other  protective  organs  are  the  stiff  bristly  hairs  (yibrissoi)  of  the 
external  meatus,  and  the  ceruminous  glands,  the  secretion  from 
which  lubricates  the  wall  of  the  meatus.  The  purpose  of  the 
cerumen  is  uncertain.  Its  absence  determines  difficulty  of  hear- 
ing and  buzzing  in  the  ear,  the  cause  of  which  is  unknown.  The 
internal  ear,  from  its  position  inside  the  petrous  bone,  is  com- 
pletely protected. 

'  Flourens,  Becherches  expdrimentales  sw  les  proprietcs  du  si/stime  nerveux.  ISi'i. 
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III.   THE  OLFACTORY  ORGAN. 

The  peripheral  terminal  organs  of  the  olfactory  nerves  pass  as 
numerous  branches  through  the  foramina  of  the  cribriform  plate  of 
the  ethmoid  into  the  cavity  of  the  nose,  and  are  expanded  on  a 
membrane,  which,  as  a  mucous  membrane,  lines  the  upper  part  of 
the  nasal  cavity,  and  is  distinguished  from  the  mucous  membrane 
proper  of  the  nose  (Schneiderian  membrane)  by  its  lighter  colour 
and  the  absence  of  the  ciliary  epithelium.  These  terminal  organs 
are  excited  by  certain  gaseous  bodies  in  a  manner  at  present  totally 
unknown,  nor  do  we  know  the  properties  to  which  they  owe  their 
excitability.  The  odorous  particles  are  conducted  to  the  olfactory 
membrane  by  inspiration  through  the  nose.  The  inspired  current 
is  split  up  at  the  anterior  prominent  ridge  of  the  inferior  turbi- 
nated bone,  and  a  part  of  it,  instead  of  passing  directly  along  the 
inferior  meatus  to  the  posterior  nares,  takes  a  circuitous  course 
along  the  upper  parts  of  the  nasal  cavity  (Bidder).  The  excita- 
tion, it  appears,  takes  place  only  at  the  first  moment  of  contact, 
for  to  ensure  a  more  permanent  sensation  it  is  necessary  that  fresh 
particles  of  the  exciting  body  should  be  brought  continually  in 
contact  with  the  terminal  organs,  or,  in  other  words,  that  the  par- 
ticles should  pass  in  a  current  through  the  olfactory  organ,  and  the 
effect  is  greater  the  quicker  the  renewal  of  the  particles  takes 
place,  i.e.  the  more  rapid  the  current. 

The  olfactory  bults,  which  -were  formerly  considered  as  a  part  of  the  olfac- 
tory nerves,  are  now  more  properly  considered  to  be  parts  of  the  brain.  The 
olfactory  nerves  proper  are  distinguished  from  otlier  nerves  by  consistino:  of  a 
number  of  small  bundles,  each  of  which  again  is  composed  of  numerous,  ex- 
tremely fine  primitive  nerve-fibres,  surrounded  by  a  common  areolar  membrane. 
The  olfactory  membrane  which  lines  the  two  upper  turbinated  bones  and  the 
upper  part  of  the  septum  ('regio  olfactoria')  has  the  following  construction 
(M.  Schultze) :  Between  the  cylindrical  epithelial  cells,  pointed  at  their  basal 
end,  there  are  found  bipolar  spindle-cells,  which  send  one  process  to  the  surface 
and  another  into  the  interior ;  the  latter  is  said  to  be  identical  with  the  delicate 
primitive  nerve-fibres  of  the  olfactory  nerve,  the  other  process  is  provided  with 
a  bundle  of  very  long  tender  hairlets,  which  project  beyond^  the  surface ;  the 
spindle-cells  are  thus  considered  to  be  nerve-cells.  According  to  recent  re- 
searches (Exner),  the  cells  found  in  the  frog,  and  formerly  described  as  simple 
epithelial  cells,  are  likewise  nerve-cells  and  are  provided  with  hairs. 

That  gaseous  bodies  only  possess  the  power  of  exciting  the  olfactory  organs 
is  evident  from  the  fact  that  the  filling  up  of  the  nose  with  an  odoriferous 
(volatile)  fluid,  such  as  eau-de-Oologne,  produces  no  sensation  of  smell  (Weber). 
It  is  well  known,  also,  that  the  body  to  be  smelled  must  pass  through  the  olfac- 
tory region  in  a  current,  for  every  sensation  of  smell  can  be  at  once  stopped  by 
holding  the  breath  or  by  inspiring  exclusively  tiu-ough  the  mouth,  even  if  the 
atmosphere,  and  therefore  also  the  air  in  the  nasal  cavity,  be  filled  with  the 
odorous  substance.  On  the  other  hand,  rapid  and  repeated  respirations  ('  snift- 
ing  ')  increase  the  impression  of  smell. 

The  necessity  of  the  conveyance  of  the  current  to  the  olfactory  region  by 
the  anterior  promontory  of  the  inferior  turbinated  bone  is  seen  from  the  fact 
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tliat  the  odorous  body  is  not  smelled  when  first  passed  into  the  mouth  and 
thence  thrmcjk  the  posterior  nares  into  the  nose  (Bidder).  Most  of  the  odorous 
substances  act  even  wheu  diluted  to  an  extraordinary  extent,  so  that  an  exceed- 
ingly small  quantity  mixed  with  the  atmosphere  of  the  room  can  readily  he  per- 
ceived. Recently  it  has  been  shown  that  most  of  the  odorous  vapoui-s  possess 
a  large  capacity  for  absorbing  heat  (Tyndall). 

The,  Sensations  of  Smell. 

Excitation  of  the  terminal  olfactory  organs,  possibly  also  an 
excitation  of  any  kind  of  the  nerve-trunks  themselves,  gives  rise  to 
certain  sensations,  which  we  call  odours.  They  are  distinguished 
both  as  regards  their  intensity  and  character.  The  intensity  seems 
to  depend — 1.  On  the  quantity  of  odorous  body  in  the  gaseous 
mixture.  2.  On  the  velocity  of  the  current  passing  through  the 
olfactory  region.  3.  On  the  number  of  excited  olfactory  elements. 
It  appears  at  least  that  those  animals  possess  the  most  delicate 
perception  of  smell  whose  olfactory  organs  cover  a  large  surface. 
The  cause  of  the  special  character  of  an  odour  is  totally  unknown, 
and  we  possess  no  division  nor  scale,  nor  even  a  name  for  the 
different  odours,  but  call  them  only  after  the  body  to  which  they 
belong,  and  of  which  the  same  or  similar  character  of  the  smell 
reminds  us. 

It  is  scarcely  doubtful,  after  the  analogy  of  all  the  other  sense-organs,  that 
mechanical,  electrical,  &c.,  irritation  of  the  olfactory  nerve  produces  the  sensa- 
tion of  smell ;  experimentally  this  has,  however,  as  yet  not  been  proved.  The 
only  sure  way  to  direct  electric  currents  to  the  olfactory  nerves  would  consist 
in  tilling  the  nasal  cavity  with  water,  into  which  one  of  the  two  electrodes  is 
inserted ;  but  here  the  simultaneous  irritation  of  the  sensible  fibres  of  the  tri- 
geminus produces  such  violent  pain,  that  we  cannot  decide  as  to  the  sensations 
of  smell  produced  at  the  same  time  (Rosenthal).  In  the  excitation  of  the  ter- 
minal organs  of  the  olfactory  nerve  by  odorous  substances,  the  hairs  on  the  cells 
above  described  seem  to  take  an  important  part ;  this  seems  probable  fi-om  the 
fact  that  by  filling  the  nasal  cavity  with  water  '  the  sense  of  smell  disappears 
for  a  short  time  (E.  11.  Weber).  Some  have  also  observed  that  by  the  con- 
tact of  these  hairs  with  water  they  swell  up,  and  are  invisible  for  some  time 
(Schultze). 

The  principle  of  specific  energies  (p.  351)  would  justify  us  in  assuming  here 
also  the  same  as  has  been  shown  for  the  organs  of  sight  and  hearing  (pp.  404 
and  446),  the  existence  of  difierent  olfactory  fibres,  each  of  which  would  be 
excited  by  a  particular  kind  of  olfactory  stimulus  and  give  rise  to  a  particular 
seusation  ;  we  possess  at  present  no  clue  whatever  as  to  how  many  such  fibres 
are  likely  to  exist. 

From  the  olfactory  sensations  proper  we  have  to  distinguish  those  impres- 
sions which  depend  on  the  irritation  of  the  sensory  fibres  of  the  fifth  nerve  pre- 
sent in  the  nasal  mucous  membrane  ;  thus  ammoniacal  vapour  acts  on  the  latter 
chiefly,  and  is  therefore  still  perceived  as  a  sensation  after  the  olfactory  termi- 
nations have  been  destroyed,  or  it  may  cause  reflex  actions  (sneezing). 

We  know  very  little  about  subjective  sensations  of  smell ;  in  certain  patho- 


1  In  filling  the  nasal  cavity  with  fluids  these  are  poured  in  through  the  nares,  the  body 
taking  up  the  recumbent  posture,  resting  on  the  back.  The  fluid  is  prevented  from  run- 
ning out  through  the  posterior  nares  by  tlie  velum  palati,  which  adapts  itself  to  the  wall 
of  the  pharynx  (E.^I.  Weber). 
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lopical  conditiouaof  the  nose  (catarrh,  &c.),  the  sense  of  smell  is  for  a  time  quite 
suspended,  or  even  replaced  by  abnormal  sensations  of  smell. 

About  '  aftor-smdls  '  we  know  next  to  nothing.  The  author  observes  that 
for  several  hours  after  experiencing  certain  strong  odours,  such  as  cadaverous 
odours,  every  unpleasant  smell  has,  v?ith  him,  most  distinctly  the  character  of 
the  first. 

As  regards  the  relations  of  the  two  nasal  cavities  to  each  other,  we  only 
know  that  the  simultaneous  irritation  of  the  two  by  different  odours  does  not 
give  rise  to  one  impression,  but  causes  a  sort  of  race  between  the  two  (Valentin). 

The  nasal  mucous  membrane  may  be  considered  to  act  as  a 
protecting  organ  to  the  olfactory  region,  by  liberating  the  travers- 
ing air  from  its  coarser  noxious  admixtures.  On  the  other  hand, 
the  olftictory  organ  may  be  considered  as  keeping  guard  for  the 
respiration,  inasmuch  as  many  of  the  noxious  impurities  of  the 
atmosphere  affect  the  sense  of  smell. 

IV.  THE  OEGAN"  OF  TASTE. 

Our  knowledge  of  the  sense  of  taste  is  more  fragmentary  than 
that  of  any  other  sense  organ.  The  seat  of  this  sense  has  not  even 
been  accurately  fixed,  and  for  the  following  reasons: — 1.  Because 
it  is  difficult  to  separate  this  sensation  from  other  sensations  which 
are  evoked  at  the  same  time  on  the  application  of  the  substance 
to  be  tasted,  namely  odorous  and  tactile  sensations.  2.  Because 
fluids  which  possess  a  taste  pass  so  easily  from  any  one  spot  of  the 
mouth,  and  therefore  possibly  from  a  spot  not  endowed  with  taste 
to  the  proper  taste  organs.  The  special  seat  of  the  gustatory 
sensibility  has  therefore  been  very  differently  stated.  Undoubtedly 
the  root  of  the  tongue  plays  an  important  part,  but  it  is  doubtful 
whether  it  alone  (Bidder,  Wagner),  or  also  the  tip  and  the  borders 
of  the  tongue  (Schirmer,  Klaatsch  and  Stich,  Camerer),  the  soft 
palate  (J.  Miiller,  Drielsma),  or  at  least  a  part  of  it  (Schirmer, 
Klaatsch  and  Stich),  or  even  the  hard  palate  (Drielsma),  are  seats 
of  gustatory  sensation.  Researches  with  limited  electric  irritation 
(Neumann)  show  the  tip  of  the  tongue  and  its  borders  over  an  area 
of  several  lines  to  be  capable  of  appreciating  taste,  though  not  all 
qualities  of  taste  (Lussana)  ;  the  anterior  part  of  the  upper  surface, 
the  whole  of  the  lower  surface,  and  the  fr£eniun  are  devoid  of 
gustatory  sensitiveness. 

The  nerves  presiding  over  taste  seem  to  belong  to  several 
cranial  nerves.  Besides  the  glosso-pharjmgeal  nerve,  about  whose 
function  there  can  be  no  doubt,  the  lingual  branch  of  the  fifth  is 
considered  by  many  to  be  a  nerve  of  taste,  though  some  observers 
believe  that  it  derives  its  gustatory  fibres  from  the  chorda  tympani 
branch  of  the  facial  nerve  ;  the  rami  palatini  of  the  fifth  are  like- 
wise considered  to  be  gustatory. 

In  facial  palsy  disturbances  of  taste  are  very  common.  Against  the  pavtici- 
pation  of  the  facial  nerve  it  is  asserted  that,  after  section  of  the  chorda  tyiupani. 
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110  degenerated  nerve-fibres  are  to  be  found  in  the  lingual  nerve  beyond  the 
point  °of  departure  of  the  salivary  nerves  (Vulpian);  others,  however,  have 
found  such  degenerated  nerve-fibres  (Prevost)  (in  the  dog  even,  VulpianY  Since 
a  case  was  recorded  in  which  the  intra-cranial  portion  of  the  facial  nerve  was 
found  totally  degenerated  without  there  having  been  any  disturbance  of  taste 
(Wachsuiuth),  it  has  been  assumed  that  the  gustatory  fibres  [fi-om  the  glosso- 
pharyngeal nerve]  join  the  facial  nerve  by  the  N.  petrosus  superficialis  major 
and  enter  the  course  of  the  fifth  partly  by  the  N.  petrosus  superficialis  minor 


Fig.  67. 


Diagram  of  the  Nervous  Supply  op  the  Tongue. 

5.  The  fifth  nerve.  L.  Its  lingual  or  gustatory  branch,  supplying  the  anterior  part  of 
the  tonptue  with  seusibDity. 

7.  The  facial  nerve,  or  portio  dura  of  the  seventh,  giving  off  nt  its  bend  the  great  super- 
ficial petrosal  nerve  to  Meckel's  ganglion,  M.-g.  c.  t.  The  chorda  tyiiipani  nerve,  passing 
from  the  facial  to  the  lingual  branch  of  the  fifth.  <S.  g.  The  submaxillary  ganglion. 
G.  p.  The  giosso-pharyngeal  nerve  going  to  the  back  of  tlxe  tongue  and  the  circumvallute 
papilla; ;  a  small  twig  passes  from  it  to  the  great  superficial  petrosal  nerve. 

9.  The  hypoglossal  nerve  ;  the  motor  nerve  of  the  tongue. 

and  the  otic  ganglion,  and  partly  by  the  chorda  tympani  (Schift").  Since  also 
Ave  may  have  paralysis  of  the  fifth  without  disturbances  of  taste,  it  is  the  more 
probable  that  fibres  of  the  glosso-phiiryngeal  nerve  pass  by  means  of  Jacobson's 
anastomosis  (N.  petrosus  superficialis  minor  and  tlie  otic  ganglion)  into  the  fifth. 
It  is  worthy  of  notice  that  both  the  nerves  of  toiste  contain  also  vaso-dilator 
fibres  for  the  mucous  membrane  of  the  tongue,  the  chorda  for  the  anterior,  and 
the  giosso-pharyngeal  for  the  posterior  region. 

The  terminal  organs  of  the  nerves  of  taste  are  found  in  the 
papillae  of  the  tongue.  The  furrow  surrounding  the  circumvallate 
papillae  at  the  root  of  the  tongue  dips  down,  and  forms  a  capillary 
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space,  the  inner  side  of  which  is  provided  with  the  terminal 
organs  of  the  gustatory  nerves,  while  the  free  surface  of  the  papillae 
shows  the  ordinary  structure  of  the  mucous  membrane  of  the 
tongue  ;  these  terminal  organs  are  the  gustatory  bulbs^  or  '  gusta- 
tory goblets,'  and  consist  of  goblet-like  organs,  open  externally, 
and  filled  with  cells  ;  of  the  cells  themselves  those  more  centrally 
situated,  '  the  gustatory  cells  proper,'  terminate  peripherically  in  a 
short  rod,  while  their  central  ends  pass  into  fine  nerve-fibres, 
which,  in  the  interior  of  the  papillae,  are  connected  with  medullary 
nerve-fibres  (Loven,  Schwalbe).  The  fluid  to  be  tasted  must  there- 
fore first  enter  the  capillary  spaces  mentioned.  These  spaces  con- 
taining the  gustatory  bodies  are  foimd  also  in  the  form  of  plane 
surfaces  in  the  papillce  foliatce  of  man,  and  most  animals  (gene- 
rally there  is  one  at  each  border  of  the  posterior  part  of  the 
tongue,  while  in  man  it  consists  again  of  five  parallel  longitudinal 
rows  ;  C.  Mayer,  Krause,  and  v.  Wyss).  The  fungiform  papillae 
possess  gustatory  bodies  on  their  upper  surface  (Loven,  and, 
according  to  some,  the  free  surface  of  the  papillae  circumvallatae  is 
also  provided  with  them  (Schwalbe,  Honigschmied). 

In  the  vicinity  of  tlie  papillce  vallatce  and  foliatce  there  occur  peculiar 
acinous  glands  of  small  size  which  fiu-nish  a  secretion  containing  no  mucus  ; 
these  sn-called  '  serous  glands '  occur  besides  in  the  nose  (Heidenhain),  and  pos- 
sibly possess  some  function  in  relation  to  the  excitation  of  gustatory  impressions 
(v.  Ebiier). 

The  gustatory  nerves  are  excited  by  certain  substances  which 
are  fluid,  or  at  least  soluble  in  the  fluids  secreted  in  the  oral 
cavity  ;  probably  also  most  (Stich)  gases  which  possess  any  taste 
belong  to  this  class.  The  process  of  excitation  is  totally  unknown. 
'Gustatory  sensations'  are  the  results  of  the  excitation  of  the 
terminal  organs  as  well  as  of  the  trunks  of  the  gustatory  nerves 
themselves,  and  these  are  distinguished  both  as  to  their  intensity 
and  character.  The  intensity  of  the  sensation  depends  on  the  force 
and  duration  of  the  excitation,  and  the  number  of  excited  nerve 
fibres.  If  the  excitation  be,  therefore,  caused  by  a  sapid  substance, 
then  the  taste  will  be  the  more  intense— 1,  the  more  sapid  the 
substance  is  ;  2,  the  more  concentrated  it  is  ;  3,  the  longer  it  acts  ; 

4,  the  larger  the  surface  of  the  taste  organ  it  is  in  contact  with ; 

5,  the  more  easily  excited  the  nerve  fibre.  The  properties  are  not 
known  by  means  of  which  the  tasting  substance  produces  the 
different  empirical  and  undefinable  characters  of  taste  which  ai-e 
known,  such  as  sweet,  bitter,  acid,  alkaline,  salty,  putrid;  the 
different  sweet-tasting  bodies  {e.g.  the  different  kinds  of  sugar, 
glycerin,  glycine,  salts  of  lead,  beryll-salts,  &c.)  belong  to  the 
most  varied  groups,  and  show  no  relations  in  their  other  properties. 

As  regards  the  taste  of  substances  of  the  different  chemical  groups,  the  fol- 
lowing facts  may  be  noticed  :  the  sour  taste  of  the  soluWe  acids ;  the  sweet 
taste  of  all  polyatomic  alcohols,  which  contain  as  many  OH-  groups  as  tliey 
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contain  0  atoms  (to  this  group  belong  O^B^,(OB.)^  Glycol.;  OgH-COH),,  Gly- 
cerin; O^HyCOH)^  Lichen-sugar;  06H8(OH)8  Mannite  [less  2H  Grape  sugar])  ; 
the  bitter  taste  of  many  compound  sugars  (glucosides),  many  alkaloids,  &c. 

In  man  the  excitation  of  the  trunks  of  the  gustatory  nerves  can  only  be 
effected  by  electricity.  If  an  ascending  current  be  passed  through  the  gusta- 
tory nerves  (as  by  putting  the  positive  electrode  to  the  tip  of  the  tongue,  the 
negative  electrode  being  in  contact  with  any  other  part  of  the  body,  say  the 
hand),  a  distinctly  acid  taste  is  perceived  ;  if  the  cm-rent  is  a  descending  one, 
the  taste  becomes  bm-ning  and  '  alkaline.'  If  now,  in  this  case,  we  had  a  direct 
excitation  of  the  nerves  by  the  current,  the  production  of  different  tastes,  ac- 
cording to  the  direction  of  the  current,  would  speak  agains':  the  principle  of 
specific  energies  (p.  351).  It  has,  therefore,  been  attempted  to  explain  the 
results  as  due  to  the  tasting  of  the  electrolytic  products  separated  out  on  the 
tongue.  The  observation  that  the  results  remain  the  sam-?  when  the  current  is 
passed  to  the  tongue,  not  by  immediate  metallic  contact  but  by  the  interposi- 
tion of  moist  conductors,  does  not  disprove  this  explanation,  because  at  the 
boimdary  of  two  moist  conductors,  and  especially  between  nerve  contents  and 
membrane,  electrolytic  products  are  deposited. 

Besides  gustatory  sensations,  the  excitation  of  the  ner\^es  of 
taste  causes,  in  a  reflex  manner,  secretions  of  the  salivary  glands. 

We  know  nothing  definite  about  subjective  gustatory  sensations,  though 
their  existence  is  demonstrated  ('  after-taste,'  &c.)  Here,  too,  we  have  to  dis- 
tinguish between  the  subjective  gustatory  sensations  and  those  sensations  which 
depend  on  certain  conditions  of  the  buccal  mucous  membrane  {'  perverted '  tastes 
in  catarrh,  &c.) 


V.  THE  EEMAINING  SENSE-ORGANS. 

The  perceptions  produced  by  the  other  centripetal  nerves 
(excepting  the  optic,  auditory,  olfactory,  and  gustatory  nerves) 
are  known  as  '  common  sensations.'  Sensory  nerves  are  found  in 
almost  every  part  of  the  body,  but  not  to  the  same  extent ;  the 
intestines  seem  to  contain  the  least,  and  the  muscles,  bones, 
fasciae,  &c.  are  but  sparingly  provided  with  them ;  most  numer- 
ously, however,  they  are  distributed  over  the  skin  and  the  adjoining 
mucous  membranes  (the  mucous  membrane  of  the  oral  and  nasal 
cavities,  the  conjunctiva,  &c.) 

The  terminations  of  the  sensory  nerves  are  only  known  for  a  few  localities, 
and  their  minute  structure  is,  as  yet,  the  subject  of  much  contention.  The 
following  forms  have  hitherto  been  described  :—l.  Pacini  (Vater's)  corpuscles  • 
they  are  relatively  large  (0-5-4"'"'),  and  are  situated  on  the  subcutaneous  cel- 
lular tissue,  especially  of  the  hollow  of  the  hand  and  foot ;  they  are  also  found 
in  the  genital  organs,  many  muscles  and  joints,  and  in  the  sympathetic  plexus 
of  the  abdomen  (for  instance,  in  the  mesentery  of  the  cat).  They  are  ef'o-- 
shaped,  and  consist  of  many  concentric  lamellae  of  areolar  tissue,  enclosiu^°a 
cylindrical  body,  consisting^  of  protoplasm  (inner  bulb) ;  into  this  the  ner've- 
fibre  enters,  runs  along  its  interior  as  a  simple  axis-cylinder,  and  terminates, 
often  after  splitting  up  into  several  branches,  in  a  button-like  swelling  extre- 
mity. The  nerve-Hbre,  before  it  enters  the  corpuscle,  is  surrounded  by  a  Inmel- 
lated  neurilemma.  2.  Terminal  nerve  bodies  (Krause's  corpuscles)  are  oval  or 
more  or  less  rounded  vesicles  of  O-OS-O-OG""",  consisting  of  an  areolar  sheath 
with  nuclei  and  soft  homogeneous  contents,  in  which  the  nerve-fibre  runs' 
terminating  in  a  point;  they  are  found  in  many  organs,  especially  in  the 
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mucous  membranes,  where  they  occupy  the  areolar  mucosa.  Possibly  the 
orp-ans  mentioned  under  1  and  2  are  mere  modifications  of  the  same  form  of 
•which  the  last-mentioned  most  likely  presents  the  ]->rimary  type.  3.  *  Tactile 
corpuscles^  (Wagner  and  Meissner).  They  are  found  in  some  of  the  papillfe  of 
the  cutis  (the  rest  of  the  papillae  contain  capillary  hoops),  more  particularly 
in  the  hollow  of  the  hand  and  sole  of  the  foot ;  they  form  elongated,  oval 
clubs,  coarsely  and  irregularly  striated,  O'OS-O-l™™  long,  which  take  up  nearly 
the  whole  papilla,  and  into  which  one  or  two  nerve-fibres  or  parts  of  a  nerve- 
fibre  enter ;  the  mode  of  termination  of  the  entering  nerve  is,  as  yet,  doubtful ; 
some  believe  that  they  split  up  into  branches  and  that  each  branch  is  aL'ain 
broken  up  into  small  transverse  branchlets,  which  are  the  cause  of  the  transverse 
striation ;  a  more  recent  view,  however,  is  that  the  tactile  corpuscle  consists 
only  of  a  nerve-tube  assuming  the  form  of  a  skein ;  such  '  terminal  nerve 
bundles'  are  seen  distinctly  and  well  developed  in  the  glans  penis  (Tomsa). 
In  the  interior  of  the  corpuscule,  the  branches  of  the  nerve-fibres  are  said  to 
terminate  in  a  manner  similar  to  that  observed  in  the  Pacinian  body  (Grandry) 
4.  '  Terminal  nerve-buds.'  The  terminations  of  the  sensory  nerves  of  the  cornea. 
Here  the  nerves  break  up  into  fine  branches,  which  form  a  network  in  the 
subepithelial  layer,  and  thence  send  filaments,  sometimes  branched  again,  into 
the  epithelium,  and  which  terminate  on  the  free  surface,  floating  in  the  lacrymal 
fluid  (Cohnheim) ;  according  to  others,  these  filaments  terminate  when  yet 
within  the  epithelium  in  a  small  knob  (Hoyer).  A  similar  mode  of  termination 
seems  to  hold  good  for  the  sensory  cutaneous  nerves  (Laugerhans,  Podcopaew, 
Eberth).  The  mode  of  termination  of  tlie  sensory  (and  reflex)  nerves,  in  many 
places,  is  as  yet  unlmown.  Ganglionic  bodies  are  observed  in  the  skin  which 
may  possibly  be  terminal  organs  of  sensory  nerves  (Tomsa).  There' are,  also, 
special  terminal  organs,  some  of  which  are  connected  with  tactile  hairs,  as,  for 
instance,  in  the  web  of  the  bat,  ear  of  the  mouse,  snout  of  mole,  &c. 


Qualities  of  the  Sensations  under  consideration. 

Any  intense  excitations  of  the  nerves  under  consideration,  whicli 
are  distinguished  as  the  '  sensory  nerves '  in  the  limited  sense  of 
the  word,  from  the  preceding  nerves  of  special  sensibility,  is  felt 
as  an  unpleasant  sensation,  as  pain,  whether  the  terminal  organs 
or  the  trunks  of  the  nerves  be  excited.  A  large  proportion  of 
these  nerves — namely,  those  supplying  the  intestines,  the  bones, 
the  vessels,  &c. — seem  excitable  only  by  '  pathological '  agencies, 
and  then  always  to  cause  pain,  if  their  function  be  not  to  call 
forth  reflex  actions.  The  rest,  however,  give  rise,  when  their  end 
organs  are  normally  and  not  so  strongly  excited,  to  various  sensa- 
tions. The  excitation  of  the  end-organs  may  be  brought  about  by 
very  different  processes,  by  chemical,  mechanical,  and  thermal 
agents,  and  not  by  the  vibrations  of  light  and  sound.  This  har- 
mony of  the  specific  excitants  with  the  general  nerve  irritants, 
favours  the  idea  that  the  end-organs  of  the  sensory  nerves  are  of 
simple  construction,  and  not  very  different  from  the  nerve  trunks, 
and  perhaps  only  made  more  accessible  to  the  exciting  processes 
of  the  external  world  by  their  position.  The  sensations  which  are 
produced  by  mechanical  irritation  of  the  end-organs  are  called 
Tactile  sensations ;  those  which  follow  thermic  irritation,  Sensa- 
tions of  temperature. 
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Eecent  observations  have  made  it  very  doubtful,  vrhether  painful  iiTita- 
tions  of  the  skin  are  merely  due  to  a  stronger  irritation  of  the  ordinary  nerve 
terminations,  or  whether  rather  to  an  irritation  of  special  end-organs.  For 
there  seem,  according  to  some  observers,  to  be  different  roads  of  conduction  in 
the  brain,  both  for  tactile  sensations  and  painful  sensations,  such,  for  instance, 
as  are  caused  by  chemical  irritation  of  the  skin  {tactile  and  pathic  channels, 
see  Chap.  XI.)  ;  it  is  possible,  therefore,  that  in  these  two  cases,  different 
peripheral  apparatus  may  be  concerned,  and  it  has,  moreover,  already  been 
stated  that  the  modes  of  termination  of  the  nerves  in  the  skin  are  various. 

The  following  experiment  (E.  H.  Weber)  proves  that  sensations  of  tem- 
perature can  only  be  caused  by  the  thermic  irritation  of  the  end-organs.  If 
the  elbow  is  dipped  into  a  very  cold  fluid,  the  cold  is  only  felt  at  the  immersed 
part  of  the  body  (where  the  fibres  terminate)  ;  pain,  however,  is  felt  in  the 
terminal  organs  of  the  ulnar  nerve,  namely,  in  the  finger  points ;  this  pain,  at 
the  same  time,  deafens  the  local  sensation  of  cold.  This  experiment  serves, 
likewise,  to  prove  that  the  cause  of  excitation  is  referred  to  the  end-organ. 


Tactile  Sensations. 

Tactile  sensations  are  produced  by  mechanical  irritation  of 
diflferent  degrees,  by  contact  and  by  pressure. 

The  limit  at  wliicli  the  intensity  of  the  irritation  becomes 
painful  is  different  for  different  parts  of  the  body.  By  help  of 
the  tactile  sensation  we  are  able  to  come  to  the  following  con- 
clusions: — 1.  We  conclude  as  to  the  existence  of  a  foreign  body 
touching  our  body.  2.  From  the  intensity  of  the  sensation  we 
estimate  the  intensity  of  the  pressure  exerted,  and  from  this  we 
estimate,  under  given  circumstances,  the  weight,  tension,  &c. 
of  the  touching  body.  The  muscular  sensation  is  an  important 
aid  in  these  estimations  (i.e.  the  sensation  of  the  degree  of 
exertion  in  the  muscles  concerned  in  carrying,  lifting,  drawing, 
pressing;  see  below).  3.  "We  have  always  an  idea  of  the  state 
of  irritation  of  all  our  sensory  fibres,  and  feel  therefore  our  whole 
body  surface  as  a  '  tactile  field,'  similar  to  the  field  of  vision 
(compare  p.  408).  We  are  thus  enabled  to  determine  imme- 
diately the  locality  of  each  part  touched,  and  thus  also  the  posi- 
tion of  the  touching  body.  4.  When  a  body  touches  a  cutaneous 
surface,  or  several  cutaneous  points  simultaneously,  we  are  enabled 
from  the  position  of  the  different  points  of  contact,  from  the  dif- 
ferent pressure,  and  from  the  spaces  not  touched,  to  draw  conclu- 
sion as  to  the  configuration  of  the  touching  body.  This  conclu- 
sion becomes  still  more  positive  when  we  pass  the  skin  over  the 
touching  body,  and  thus  create  for  ourselves  a  number  of  tactile 
pictures.  For  this  purpose  those  cutaneous  surfaces  are  best 
fitted  which  possess  great  mobility,  and  contain  numerous  sensory 
end-organs,  i.e.  the  finger-tips,  the  point  of  tongue  (see  below). 
If  different  parts  of  the  cutaneous  surface  touch  the  same  body,  a 
knowledge  of  the  relative  position  of  the  different  cutaneous  sur- 
faces is  necessary  in  order  to  determine  the  configuration  of  tlie 
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touching  body.  This  knowledge  we  obtain  through  the  muscular 
sensation  (see  below),  because  muscular  movements  are  necessary 
for  nearly  every  change  of  the  relative  position.  If  this  know- 
ledge is  wanting,  as,  for  instance,  in  abnormally  distorted  displace- 
ments of  position,  false  conceptions  arise  about  the  configuration 
of  the  body.  The  '  experiment  of  Aristotle'  belongs  to  this  class  : 
By  placing  the  middle  finger  so  over  the  index  finger  that  a 
small  round  body  (pea,  penholder)  can  be  brought  or  rolled  about 
between  the  radial  side  of  the  index  finger  and  the  ulnar  side  of 
the  middle  finger,  the  sensation  of  two  round  bodies  is  jjroduced, 
because  one  body  cannot  be  brought  in  contact  with  these  two 
surfaces  without  producing  distortion.  By  its  very  uniform  touch 
we  conclude  the  presence  of  a  fluid,  and  by  the  more  or  less 
increasing  pressure,  when  the  tactile  surface  moves  about,  we 
estimate  the  more  or  less  soft  or  hard  consistency  of  a  body,  &c. 
These  different'  conclusions  are  often  enumerated  as  specific 
'  senses '  {Sense  of  pressure,  sense  of  locality,  &c.) 

The  sensitiveness  of  each  part  of  the  body  depends:  1.  On  the 
larger  or  smaller  number  of  the  end-organs  connected  with  the 
sensory  nerves  of  the  part.  2.  On  the  absolute  sensitiveness  of 
these  nerves. 

The  number  of  end-organs  in  the  different  cutaneous  surfaces 
can  only  be  determined  anatomically ;  experimentally,  however, 
we  can  get  relative  data  as  to  their  distribution ;  the  method  is 
the  following  (E.  H.  Weber,  Czermak):  1.  Find  the  smallest  dis- 
tance which  can  intervene  between  two  bodies  touching  the  skin, 
either  simultaneously  or  shortly  after  one  another,  in  order  to  pro- 
duce two  separate  sensations :  the  instrument  used  consists  of  a 
pair  of  compasses  with  blunt  points,  which  can  be  placed  on  the 
skin  at  different,  easily  read  off,  distances  (the  eyes  being  shut). 
The  distance  is  found  to  be  smallest  on  the  tip  of  the  tongue 
(l-l"^"^),  on  the  palmar  side  of  the  third  phalanx  (2 '2™™),  and  the 
red  surface  of  the  lips  (4-4™"') ;  largest  on  back,  chest,  neck,  and 
extremities  (35-66'"'"). 

The  smallest  required  distance  is  in  some  places,  for  instance 
on  the  extremities,  less  in  the  transverse  than  in  the  longitudinal 
direction  ;  it  is  less  also  when  the  points  are  placed  on  the  skin 
one  after  the  other;  it  is  less  when  beginning  with  larger  distances 
and  gradually  finding  that  distance  at  which  both  impressions 
blend,  than  when  proceeding  in  the  reverse  order,  beginning  at  a 
smaller  distance  and  gradually  finding  that  distance  at  which  the 
two  separate  sensations  make  their  appearance ;  lastly,  it  becomes 
smaller  the  greater  the  attention  and  the  greater  the  practice 
(hence  it  is  generally  smaller  in  blind  people,  Groltz) :  it  is  also 
said  to  become  smaller  by  surrounding  the  skin  with  indifferent 
fluids  (oil,  water),  having  the  same  temperature  as  the  body 
(Suslowa).    Two  impressions  just  felt  distinct  from  eafch  other 
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tlend  into  one  when  the  skin  between  the  two  touched  points  is 
irritated  by  tickling  or  induction  currents  (Suslowa)  ;  for  the  ex- 
planation of  this  see  below.  2.  Move  the  two  separately  felt  points 
of  the  compass  over  the  skin  in  two  parallel  lines,  keeping  the 
same  distance,  and  determine  the  variations  in  the  apparent  dis- 
tance and  the  distance  at  which  the  two  separate  sensations  blend. 
3.  The  eyes  being  closed  at  the  time,  touch  a  point  of  the  skin, 
and  note  accurately  the  apparent  place  of  touch. 

The  absolute  sensitiveness  of  any  cutaneous  part  is  determined 
in  the  following  way  : — I.  Two  different  weights  are  placed  on  a 
cutaneous  part,  and  the  smallest  difference  in  weight  which  can 
yet  be  perceived  is  accurately  determined.  The  loading  is  done 
either  by  weights  placed  unsupported  on  the  part  (Weber),  or  by 
loaded  small  plates  (Aubert  and  Kammler),  or  by  a  blunted  point 
suspended  on  one  beam  of  a  balance,  the  weight  of  the  point  being 
taken  off,  equcdized,  in  different  degrees,  by  weights  attached  to 
the  other  beam  of  the  balance  (Dohrn).  Here  also  the  sensitive- 
ness is  found  to  be  greater  for  an  increase  than  for  a  decrease  of  the 
difference  in  the  weights,  and  also  to  be  greater  for  a  small  absolute 
pressure  than  for  a  large.  2.  By  determining  the  smallest  possible 
variation  in  ^pressure  affecting  a  cutaneous  part  which  can  be 
perceived  (Groltz).  An  india-rubber  tube,  filled  with  water,  and  to 
ensure  a  constant  surface  of  contact  bent  at  one  spot  over  a  piece  of 
cork,  is  touched  at  that  spot  by  the  cutaneous  part  to  be  examined, 
and  by  rhythmically  exerted  pressure,  waves,  analogous  to  those  of 
the  arterial  pulse,  are  produced  in  the  tube.  This  method  gives  the 
same  scale  of  results  as  Weber's  experiment  with  the  compasses  ; 
the  tip  of  the  tongue  only  forms  a  remarkable  exception,  inasmuch 
as  its  sensation  for  pressure  stands  much  lower  than  in  the  other 
scale  for  measuring  the  sense  of  locality.  3.  The  smallest  possible 
irritation  which  can  yet  be  felt  is  determined  ;  it  has  thus  been 
found  that  an  impression  or  touch  which  can  just  be  felt,  ceases  to 
be  so  on  passing  weak  unfelt  induction  currents  through  the  cuta- 
neous part  touched  (Suslowa). 

Of  the  last-mentioned  three  methods  the  second  is  the  most  decisive,  for  we 
are  naturally  only  sensitive  to  variations  in  p7-essure,  and  these  take  place  in  the 
second  method  with  greater  rapidity  and  precision  than  in  the  first.  It  is,  how- 
ever, to  be  observed,  that  in  the  second  mode  of  experimentation  the  sense  of 
space  is  not  altogether  excluded,  for  with  the  positive  variation  of  pressure  there 
is,  most  likely,  also  a  slight  increase  in  the  surfaces  of  contact,  as  both  the  tube 
and  the  cutaneous  part  are  mutually  flattened,  and  experience  teaches  us  that 
we  are  able  to  feel  the  arterial  pulsations  in  many  places,  whilst  the  cutaneous 
part  touched  does  not  perceive  it,  though  the  same  variation  of  pressure  acts  on 
it  too.  Already,  comparisons  of  this  Icind  may  be  used  for  the  construction  of 
a  scale  (Goltz).  The  third  method  becomes  most  reliable  by  using  an  electro- 
magnetic apparatus  to  produce  irritation  (Leyden)  ;  the  results  thus  obtained 
are,  however,  only  to  be  used  with  caution,  on  account  of  the  differences  in  the 
conductivity  of  the  mucous  membranes  and  the  epidermis  of  different  parts  of 
the  cutaneous  surface. 
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Lastly,  there  are  methods  for  determining  at  the  same  time  the 
sensitiveness  of  cutaneous  parts  in  a  more  extended  sense,  namely, 
by  ascertaining  the  degree  of  perfection  of  our  conclusions  as  to 
the  configuration  or  the  course  of  touching  bodies.  1 .  The  skin 
is  touched  with  bodies  of  a  definite  configuration.  2.  Different 
figures  (letters)  are  drawn  on  the  skin  with  a  point,  and  the  person 
experimented  upon  states  in  the  first  case  the  apparent  figure  of 
the  touching  body,  and  in  the  second  that  of  the  drawing. 

In  order  to  explain  the  above-stated'  facts  relating  to  the  refer- 
ence of  tactile  impressions  to  space,  the  following  assumptions  are 
necessary  (Lotze,  E.  H.  Weber,  Meissner,  Czermak).  We  are  con- 
tinually conscious  of  the  state  of  stimulation  of  all  cutaneous  points 
in  their  relation  to  space  (our  consciousness  perceives  a  field  of 
tactile  sensation,  as  already  stated).  Every  stimulation  of  a  sen- 
sory end-organ  is  referred  to  a  definite  spot  in  the  field  of  tactile 
sensibility,  that  is,  on  the  surface  of  the  skin.  This  spot  is,  how- 
ever, not  the  point  stimulated,  but  rather  a  circular  or  (on  the  ex- 
tremities, p.  464)  an  oval  surface,  the  centre  of  which  is  formed 
by  the  irritated  point,  the  so-called  circle  of  sensibility  (see  below). 
Two  such  circles,  which  either  touch  or  partly  cover  each  other, 
can,  however,  not  be  separately  perceived  ;  the  separation  takes 
place  then  only  when  between  the  two  circles  there  is  a  non-vrH- 
tated  sensory  element  and  the  apparent  distance  of  the  two  irrita- 
tions is  the  greater  the  more  numerous  the  non-irritated  elements 
which  remain  between  the  two  circles.  From  this  it  follows  that 
two  neighbouring  impressions  made  on  the  skin  can  only  be  felt 
as  separate  when  their  distance  is  greater  than  the  whole  diameter 
of  one  circle  of  sensibility.  The  numbers  given  on  page  464  are 
therefore  the  diameters  of  the  circles  of  sensibility  at  the  corre- 
sponding cutaneous  places.  It  follows  further,  that  two  separate 
impressions  blend  when  the  intervening  sensory  elements  are  stimu- 
lated (compare  the  observation  on  p.  464). 

There  still  remains  to  be  explained  how  it  is  that  these  circles 
possess  different  sizes  at  the  different  parts  of  the  skin.  A  circle 
of  sensibility  is  evidently  not  an  anatomical  magnitude,  such  as  the 
district  of  distribution  of  a  nerve-  fibre ;  for,  firstly,  it  is  altered  by 
attention,  practice,  and  other  influences;  and,  secondly,  it  would 
be  possible  for  the  two  feet  of  the  compasses,  if  their  distance  were 
smaller  than  the  diameter  of  one  circle  of  sensation,  in  one  case 
both  to  fall  within  one  circle,  in  another  case  into  two  neighbom- 
ing  circles  (these  being  considered  fixed).  We  must  therefore 
assume  the  existence  of  a  circle  of  sensation  round  each  cutaneous 
point.  To  the  above  explanation  is  further  to  be  added,  that  the 
circles  are  smaller  the  more  closely  packed  the  sensory  organs; 
from  which  it  follows  that  the  assumption  that  the  circle  of 
sensation  is  caused  by  the  mechanical  effect  of  the  irritation  on 
a  cutaneous  surface,  and  not  on  a  mere  point  {circles  of  diffw- 
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sion),  is  not  enough :  for  if  so,  then  the  size  of  the  circles  would 
evidently  be  independent  of  the  relative  number  of  the  end- 
organs,  and  therefore  would  in  general  be  the  same  everywhere. 
It  is  rather  to  be  assumed  that  the  transmission  of  the  irritation 
of  one  fibre  to  another  sensory  fibre  in  the  neighbourhood  is  a 
central  process  (irradiation,  associated  sensation),  and  that  it 
always  extends  from  every  point,  in  every  direction,  to  the  same 
number  of  sensory  fibres  (the  distance  of  the  two  points  of  the 
compasses  corresponds  in  the  mean  to  twelve  tactile  corpuscules, 
Ki-ause),  but  that  by  practice,  attention,  and  acuteness  of  irrita- 
tion, &c.,  it  can  be  diminished.  This  view  (see  Chap.  XI.,  under 
Spinal  Cord)  seems  to  correspond  best  with  the  observed  .facts. 

Alterations  in  the  normal  amount  of  blood  in  the  skin  (hypersemia,  anaemia) 
diminish  the  tactile  power  (Alsherg)  ;  intense  cooling  of  the  skin  (for  instance, 
ether-spray)  may  produce  complete  antesthesia  ;  certain  poisons  brought  in  con- 
tact with  the  sMn  act  in  the  same  way. 

Sensations  of  Temperature. 

Sensations  of  temperature  arise  when  the  end-organs  of  sen- 
sory nerves  are  irritated  by  variations  of  temperatm-e  within  the 
limits  of  about  +10°  to  +47°  C,  particularly  when  the  skin  is 
either  warmed  or  cooled  by  bodies  in  contact  with  it.  The  sen- 
sation caused  by  a  positive  variation  we  call  sensation  of  warmth, 
that  caused  by  the  negative  variation,  sensation  of  cold.  When 
the  variation  of  temperature  extends  over  a  large  surface,  or  over 
the  whole  body,  then  the  sensation  of  cold  changes  to  a  sensation 
of  shivering,  and  the  sensation  of  warmth  gives  rise  to  a  sense  of 
heat.  The  symptoms  mentioned  at  page  260  are  connected  with 
both  (the  shivering  of  fever  is  caused  by  the  sudden  cooling  of  the 
skin  in  consequence  of  the  diminished  flow  of  blood  through  the 
spasmodically  contracted  cutaneous  arteries,  whilst  fever  heat  is 
due  to  the  reverse  process  ;  in  both,  however,  the  mean  bodily 
temperature  is  higher  than  normal).  Variations  of  temperature 
between  27°  and  33°  C.  are  distinguished  most  acutely,  then  varia- 
tions between  33°  — 39°  C,  and  then  variations  between  14°  — 27°C, 
(Nothnagel).  The  different  regions  of  the  body  may  be  grouped 
as  regards  their  sensitiveness  to  changes  of  temperature  (measm-ed 
by  the  smallest  yet  perceptible  variation)  as  follows  (leaving  out 
the  extremities,  which  follow  no  law)  (E.  H.  Weber) :  Tip  of 
tongue,  eyelids,  cheeks,  lips,  neck,  trunk.  As  the  middle  line  is 
approached,  the  parts  are  less  sensitive.  The  variation  is  felt 
more  intensely  the  more  rapid  its  occurrence,  and  the  larger  the 
affected  cutaneous  surfaces.  Temperatures  above  or  below  the 
limit  given  above  produce  pain  (p.  462).  Variations  are  here  no 
longer  specifically  felt. 

Ansemia  of  the  skin  increases  the  sensitiveness  for  temperature  ;  hypereemia 
diminishes  it  (Alsherg). 
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If  the  principle  of  specific  energies  (compare  p.  351)  is  to  be  a  general  one 
we  must  assume  here,  also,  different  fibres  and  different  central  organs  for  the 
tactile  and  temperature  sensations ;  though  we  know  nothing  definite  about 
this,  it  may  be  yet  mentioned  that  the  distances  in  the  experiment  cited  on 
p.  404  are  smaller  when  the  temperature  of  the  two  points  of  the  compasses 
differ  (Ozermak),  and  that  in  the  experiments  given  on  pp.  464  and  465  a  colder 
weight  is  felt  as  heavier,  so  that  the  apparent  difference  of  pressure  becomes 
greater  when  the  heavier  Aveight  is  at  the  same  time  colder,  and  less  when  the 
lighter  weight  is  colder,  and  that  difference  of  pressure  is  felt  with  equal  weights 
of  unequal  temperature  (Weber). 

Other  Specific  Sensations. 

The  sensory  nerves  of  certain  parts  of  the  skin  and  mucous 
membrane  of  the  genital  organs  (4th  section),  on  being  irritated, 
give  rise  to  peculiar  sensations,  different  from  the  tactile  and  tem- 
perature sensations,  which  are  called  voluptuous  sensations. 

We  know  very  little  about  the  specific  sensations  of  those 
nerve-fibres  which  do  not  terminate  in  the  skin.  Some  of  these 
sensations,  hunger  and  thirst,  have  already  been  considered 
(p.  227).    There  only  remains  for  consideration — 

The  muscular  sense  (Weber).  The  presence  of  sensory  fibres, 
though  not  anatomically  demonstrated  with  certainty,  is  physio- 
logically proved  by  the  muscular  pains  observed  under  certain  con- 
ditions, and  by  the  sense  of  fatigue  which  undoubtedly  occurs. 
The  question  is  only  whether  these  or  other  nerve-fibres  explain  to 
us  the  state  of  activity  of  the  muscles.  It  is  evident  that  many 
phenomena,  such  for  instance  as  the  combination  of  complicated 
muscular  movements,  depend  on  the  intervention  of  centripetal 
fibres,  for  such  movements  become  very  defective  when  the  pos- 
terior roots  of  the  spinal  nerves  are  divided  (Bernard),  or  when  the 
centripetally  conducting  parts  of  the  spinal  cord  (see  Chap.  XI.) 
are  injured  or  degenerated,  for  instance,  in  the  grey  degeneration 
of  the  posterior  columns  (locomotor  ataxy).  It  is  very  improbable 
that  these  defects  depend  on  the  loss  of  cutaneous  sensibility,  for 
the  movements  are  not  at  all,  or  very  little,  interfered  with  by 
skinning  the  animal  (Bernard).  It  seems  therefore  that  conscious- 
ness itself  is  aware  of  the  condition  of  the  muscles,  &c.  This  may 
be  brought  about  in  the  following  ways: — 1.  Sensory  nerves  of 
the  muscles  give  information  about  the  changes  in  tension,  pres- 
sure, and  possibly  also  of  the  state  of  contraction.  2.  Our  con- 
sciousness judges  of  the  voluntary  impulse,  which  is  imparted  to 
the  motor  nerves,  and  of  the  effects  which  necessarily  follow. 
3.  The  sensorium  is  made  aware  of  the  effects  of  muscular  activity 
by  the  surrounding  parts  (muscles,  areolar  tissue,  &c.)  Whether 
all  these  different  ways,  or  one  of  them  only,  exists,  is  not  known. 
The  various  uses  of  such  a  muscular  sense  are  evident,  pai-tly  from 
what  has  just  been  said  (viz.  co-ordination  of  movements,  main- 
tenance of  equilibrium),  and  partly  they  are  illustrated  by  facts 
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previously  stated,  as— estimation  of  weights  lifted,  knowledge  as 
to  the  configuration  of  the  surface  of,  and  conclusions  as  to  the 
form  of  bodies  touching. 

The  presence  of  sensory  nerves  in  the  sartorius  muscle  of  the  frog  has  lately 
been  proved  by  the  folio-wing  facts  :— 1.  After  section  of  the  anterior  roots  of 
the  spinal  nerves,  the  muscle  contains  non-degenerated  nerve-fibres  ;  and  2.  In 
poisoning  by  sti-ychnia,  stimulation  of  the  nerve  to  the  gastrocnemius  occasions 
reflex  acts  (Sachs).  For  facts  concerning  the  mode  of  termination  of  sensoiy 
nerves  of  muscle  consult  p.  265. 

2.  The  Perception  of  Motion. 

Passive  movements  of  the  whole  body,  whether  rectilinear  or 
rotatory,  are  distinctly  perceived  even  when  the  sense  of  sight  is 
in  abeyance;  the  power  of  perception  soon  disappears,  however, 
if  the  movement  be  uniform.  On  suddenly  arresting  the  move- 
ment there  occurs  the  illusion  that  the  body  is  moving  in  the 
reversed  direction,  so  that  possibly  it  is  not  velocity,  but  only 
acceleration,  which  is  perceived  (Mach^). 

Animals  react  towards  actual  as  also  towards  the  succeeding 
apparent  movements,  especially  in  experiments  on  rotation,  by 
moving  the  body  in  the  opposite  direction  (the  eyes  especially 
refuse  to  participate  in  the  movements,  and  follow  intermittently, 
'Nystagmus'),  so  that  during  rotation  the  body  is  opposed  to  the 
direction  of  rotation,  but  after  its  cessation  tends  in  the  same 
direction  as  that  of  rotation.  These  movements  occur  involun- 
tarily, and  if  the  rotation  be  very  rapid,  they  may  degenerate  into 
rotatory  spasms  presenting  a  similarity  to  the  'uncontrollable 
movements'  described  in  Chap.  XI.  (Purkinje). 

The  sensitive  mechanisms  of  all  parts  of  the  body  appear  suffi- 
cient to  explain  the  perception  of  motion.  As  a  result  of  every 
regular  motion  certain  displacements  of  the  more  mobile  parts  of 
the  body  in  reference  to  the  less  mobile  must  occur,  owing  to 
inertia,  centrifugal  force,  &c.  ;  the  perception  of  these  changes, 
no  less  than  that  of  the  altered  pressure  of  the  ground,  of  the  sur- 
rounding medium,  &c.,  and  the  perception  of  the  muscular  exer- 
tions necessary  to  maintain  equilibrium,  are  sufficient  to  lead 
to  unconscious  conclusions  concerning  the  kind,  direction,  &c., 
of  the  motion.  That  essentially  acceleration  is  perceived,  and 
that  the  succeeding  rest  appears  as  a  negative  acceleration,  may 
be  easily  explained  by  the  general  principle  of  the  greater  sensi- 
tiveness to  changes  as  contrasted  with  states.  The  supposition 
that  a  special  sense-organ  presides  over  the  perception  of  motion 
is  therefore  superfluous. 

It  has  recently  been  surmised  that  an  example  of  such  an  organ  is  presented 


1  Mach,  'Versnche  Uber  den  Gleichgowichtsinn.'  (TFien.  Sitzungshericht.  1874.) 
Grundlinien  der  Lehre  von  den  Bewegungsevipfindungen.    Leipzig,  1875. 
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"by  the  semicircular  canals  of  the  internal  ear,  after  the  injury  of  which  a  num- 
ber of  noteworthy  phenomena  have  been  observed  (Flsurens  *)  ;  the  most  con- 
stant of  these  is  an  oscillation  of  the  head  in  the  plane  of  the  injured  canal ; 
the  other  phenomena,  viz.  an  inclination  to  fall  aromid  an  axis  at  right  angles 
to  the  plane  of  the  canal,  uncontrollable  movements  around  this  axis,  distortion 
of  the  head  so  that  in  the  case  of  pigeons  the  beak  is  tm-ned  into  the  neck,  &c. 
— may  be  altogether  absent,  or  are  only  noticed  after  the  animal  has  been  irri- 
tated, or  develope  so  late  that  they  may  be  referred  to  a  sympathetic  affection 
of  the  contiguous  cerebellum.  Recent  authors  have  drawn  the  conclusion  from 
these  phenomena  that  the  semicircular  canals  constitute  not  an  acoustic  appa- 
ratus, but  a  definite  sense-organ  concerned  in  the  perception  of  the  absolute 
position  of  the  head  in  space  (Goltz),  or  in  the  perception  of  the  movements  of 
the  head  (Orum  Brown,*  Breuer,  Mach),  or  that  they  discharge  this  function  in 
addition  to  serving  acoustical  ends.  Pressure,  or  the  relative  movements  of  the 
endolymph,  is  supposed  to  stimulate  the  nerve-terminations,  and  so  rotations, 
decomposed  by  the  three  axes  of  the  semicircular  canals,  we  supposed  to  be  per- 
ceived. The  disturbances  which  are  the  results  of  injuries  have  been  explained 
by  some  writers  as  du6  to  the  abeyance  of  the  functions  which  control  the  posi- 
tion of  the  body  in  space,  by  others  the  occurrence  of  abnormal  sensations  of 
movements,  as  the  so-called  sensation  of  giddiness  is  referred  to  excitation  of 
the  organ. 

It  is  surmised  that  in  these  organs  are  initiated  the  reflex  acts  which  result 
in  the  previously-mentioned  reactionary  rotations,  and  that  the  dizziness  accorn- 
panied  by  uncontrollable  movements  which  follow  the  passage  of  a  galvanic 
cui'rent  through  the  head  also  take  their  origin  in  them.  All  these  theories 
are  controverted  by  the  fact  that  after  section  of  both  nerves  an  animal  does 
not  lose  the  power  of  controlling  its  movements  in  space,  and  when  sub- 
jected to  passive  movements  or  to  the  action  of  a  current  passed  through  the 
head,  reacts  as  if  uninjured  (Cyon,  Tomaszewitz).  Moreover,  persons  who  are 
destitute  of  a  labyrinth  exhibit  no  other  abnormality  but  deafness;  besides  which, 
the  acoustic  function  of  the  semicircular  canals  is  conclusively  proved  by  ana- 
tomical considerations  (the  semicircular  canals  are  as  closely  connected  with 
the  utricle,  as  is  the  ductus  cochlearis  with  the  saccule,  and  in  the  lower  verte- 
brates the  former  constitutes  the  chief  organ  of  heariag). 

The  pendulum-like  movement  observed  by  Floiirens  is  perhaps  explained  by 
disturbing  soimds  which  the  animal  hears  in  a  particular  direction,  it  being  sur- 
mised that  the  direction  of  the  semicircular  canals  has  something  to  do  with 
the  perception  of  the  direction  of  sound. 

[The  Perception  of  the  Position  of  the  Body  in  Space— Ojon  »  has  very_  re- 
cently published  an  experimental  investigation  which  has  led  him  to  reject 
entirely  the  hypotheses  of  Mach,  Orum  Brown,  and  Breuer,  and  to  develope  the 
theory  that  the  semicircular  canals  are  the  peripheral  organs  of  the  sense  of 
space,  i.e.  that  sensations  originating  in  the  stimulation  of  the  nervous  end-organs 
in  the  ampuUse  lead  to  the  formation  of  our  conceptions  of  the  three  dimensions 
of  space.  The  sensations  originating  in  each  canal  correspond  to  one  of  these 
dimensions.  By  the  aid  of  these  sensations  there  may  be  formed  m  om-  bram  a 
conception  of  an  ideal  space  to  which  will  be  referred  all  the  perceptions  of  the 
other  senses  which  relate  to  the  position  of  the  bodies  which  surround  us,  and 
the  position  of  our  own  body  in  relation  to  them.  ,  •  ,  i   j  i 

The  experiments  of  Oyon  have  led  him  to  reject  the  view  which  had  been 
advanced  by  Goltz  and  accepted  by  Mach,  Orimi  Brown,  and  Breuer,  viz.  that 

1  Flourens,  Recherches  experimentales  sur  les  proprietes  du  systeme  nerveux.  1842. 

2  Crum  Brown,  '  On  tli^Sense  of  Rotation  and  the  Anatomy  and  Physiology  of  the 
Semicircular  Canals  of  the  Internal  Ear.'  Proceedings  of  the  Royal  Society  of  Edinburgh, 
Jan.  19,  1874,  and  Journal  of  Anat.  and  Phys.,  vol.  viu.  (18/4),  p.  dii/. 

3  Recherches  e.vperimentnles  sur  les  Fonctions  des  Canaux  semt-circulaires  et  sur  'enr  rdle 
dans  la  formation  de  la  notion  de  Vespace.  Thfese  pour  le  Doctorat  en  M^decme  presentee  et 
Boutenue  le  I"  Avril,  1878,  par  Elie  de  Cyon.   Pans,  18/8. 
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the  endolympli  being  set  in  motion  is  the  agent  in  exciting  the  end-organs  of 
ihe  nerves  of  the  ampullae  ;  he  rather  believes  that  the  agitation  of  the  otoliths 
and  of  the  epithelial  processes  of  the  ampullae,  either  by  movement  of  the  head 
■or  by  waves  propagated  through  the  endolymph,  is  the  proximate  cause  of  the 
stimulation  of  the  ampullary  nerves.  The  stimulation  of  the  end-organs  of  any 
one  semicircular  canal  would  produce,  according  to  Oyon's  theory,  a  sensation 
of  extension  in  a  plane  perpendicular  to  the  planes  of  the  two  other  canals,  and 
the  excitation  of  the  three  canals  would  furnish  us  with  a  sensation  of  extension 
in  three  planes  at  right  angles  to  one  another ;  and  these  unconscious  sensations 
would  lead  to  the  formation  of  our  conception  of  space  of  three  dimensions. 

Oyon  is  led,  in  the  development  of  his  theory,  to  reject  the  auditory  functions 
of  the  vestibular  branch  of  the  auditory  nerve.  According  to  him  the  eighth 
pair  is  composed  of  the  auditory  nerve  and  of  a  'nerve  of  space.'  He  is  inclined 
to  deny  the  auditory  functi&n  of  the  vestibule  and  semicircular  canals  in  the 
lower  organisms.  Such  organisms  would,  according  to  Oyon,  possess  an  organ 
of  the  sense  of  space,  quite  essential  to  all  animals  possessing  the  power  of  loco- 
motion, but  no  organ  of  hearing.] 
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CHAPTEE  XI. 

THE  CENTEAL  END-OE&ANS  OF  NEKVES  (CENTEAL. 
NEEVOUS  OEGANS). 

A.    GENEKAL  CONSIDEEATIONS. 

The  central  end-organs  of  nerve-fibres  are  contained  in  certain 
structures  which  are  called  the  '  central  organs  of  the  nervous 
system.'  The  latter  contain,  in  addition  to  the  central  end-organs, 
numerous  conducting  fibres.  Their  function  is,  therefore,  much 
complicated  by  the  fact  that  they  are  able  to  act  also  as  conduct- 
ing agents.  Since  the  investigation  of  the  central  nervous  end- 
organs  has  never,  hitherto,  been  possible  apart  from  the  nerve- 
fibres  with  which  they  are  mixed,  a  physiological  consideration  of 
them  is  not  possible  in  the  present  state  of  our  knowledge.  We 
can,  therefore,  only  adduce  the  discoveries  which  have  been  made 
concerning  the  functions  of  the  mixed  organs — brain,  spinal  cord, 
and  ganglia — to  serve  as  material  for  the  future  physiology  of  the 
nervous  end-organs  which  have  not  yet  been  isolated. 

All  organs  of  the  body  which  can  be  shown  to  possess  the 
above  characteristics  contain  as  necessary  constituents  ganglion- 
cells^  which  are  immediately  in  communication  with  nerve-fibres, 
and  which  are  therefore  considered  to  be  the  essential  elementary 
structures  of  nerve  centres  (or  at  least  analogous  cellular  arrange- 
ments). This  surmise  is  the  more  probable  as  gangUon-cells  can 
be  discovered  in  most  automatically  acting  organs.  On  the  other 
hand,  central  functions  have  not  been  discovered  to  belong  to  all 
nerve-cells.  Concerning  the  physiological  properties  of  ganglion- 
cells  almost  nothing  is  known.  The  nature  of  their  chemical  com- 
position can  only  be  imperfectly  and  approximately  gathered  from 
analyses  of  the  grey  substance  of  the  brain.  The  white  substance 
of  the  brain,  which  consists  essentially  of  nerve-fibres  and  a  con- 
necting substance  (neuroglia),  is  considered  to  be  of  the  same  com- 
position as  nerve-trunks;  the  constituents  of  the  latter,  indeed, 
have  been  chiefly  determined  by  examinations  of  brain  and  spinal 
cord.  While  the  reaction  to  test-paper  of  the  white  substance  is 
neutral  or  alkaline,  the  grey  substance  has  been  found  to  be  acid 
(Gscheidlen),  a  circumstance  which  is  probably  to  be  attributed  to 
the  rapid  changes  occurring  at  the  surface  of  section.  The  chemical 
constituents  of  the  white  substance  are  cerebrin,  lecithin,  and  pro- 
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bably  compounds  of  lecithin ;  albumin,  potassium-albuminate  and 
globulins ;  nem-okeratin  ;  cbolesterin  and  fats  ;  creatine,  xanthine,, 
and  hypoxanthine;  inosite  and  some  anhydride  of  sugar;  lactic 
acid  (the  ordinary  modification  according  to  Grscheidlen)  and  volatile- 
fatty  acids ;  salts  and  water.  The  grey  substance  of  the  brain  is 
distinguished  chemically  from  the  white  chiefly  by  containing  more 
water,  albumin,  lecithin,  and  lactic  acid,  and  less  cbolesterin,  fat,, 
and  protagon. 

A  considerable  number  of  substances  wbicb  are  now  known  to  be  either  the- 
products  of  the  decomposition  of  lecithin,  or  the  mixtures  of  such  products  with 
other  bodies,  were  formerly  described  as  genuine  constituents  of  brain  substance. 
Even  the  above-mentioned  constituents  may  be  themselves  the  results  of  the 
decomposition  of  more  complicated  pre-existing  compoimds.  One  of  them, 
protagon,  has  recently  been  regarded  as  a  mixture  of  lecithin  and  a  nitrogenous 
glucoside,  cerebrin  (Hoppe-Seyler),  a  body  which  chiefly  occurs  in  the  white 
substance  (Petrowslrj').  The  composition  of  grey  and  white  brain-substance  is- 
given  in  the  following  table  (Petrowsky)  : 

Grrey  substance.   White  substance. 

Water   81-6  p.c.  68-4  p.c. 

Solids   18-4  31-6 

Consisting  of 

Albumins  and  gelatin     .       .       .  55-4  p.c.  24'7  p.c. 

Lecithin   17-2  9-9 

Cbolesterin  and  fats      .       .       .  18'7  51-9 

Cerebrin   0-5  9-5 

Substances  insoluble  in  ether  .       .  6*7  3"3 

Salts   1-5  0-6 

It  is  in  the  highest  degree  probable  that  processes  of  oxidation; 
take  place  in  ganglion-cells  as  in  all  other  organs.  It  is,  however, 
still  but  a  probability,  unless  we  consider  it  evidenced  by  the  fact 
that  the  venous  blood  of  the  brain  and  spinal  cord  is  as  poor  in 
oxygen  and  as  rich  in  carbonic  acid  [i.e.  as  dark  in  colour),  as  the 
venous  blood  of  any  other  region  of  the  body.  We  are  equally- 
ignorant  as  to  whether  such  processes  of  oxidation  are  concerned 
in  the  activity  of  the  ganglion-cells,  and,  if  so,  to  what  extent ; 
we  cannot  say  whether  that  activity  is  not  dependent  upon  pro- 
cesses of  decomposition  similar  to  those  which  occur  in  muscles 
and  nerves  ;  or  what  are  the  results  of  such  oxidations  or  decom- 
positions. 

Whether  we  ought  to  add  to  the  general  properties  of  the  gan- 
glion-cells that  of  irritability,  when  acted  on  by  the  common  nervous 
stimuli,  is  not  yet  decided.  Certain  experiments  on  the  non-irri- 
tability of  the  spinal  cord  imder  mechanical  stimulation,  which 
will  be  discussed  hereafter,  indicate  that  ganglion-cells  differ  from 
nerves  in  this  respect,  probably  to  a  considerable  extent.  For 
certain  nerve-cells  particularly,  certain  stimuli  are  known  which 
differ  from  the  general  nerve-stimuli,  e.g.  many  of  the  motor 
centres  of  the  medulla  oblongata  and  of  the  spinal  cord  are  excited 
by  the  blood  of  dyspnoea. 

Finally,  ganglion-cells  possess  a  certain  'periodicity  in  their 
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activity.  This  is  exemplified  by  iDeriodic  automatism.  But,  in 
addition,  any  tetanic  stimulation  of  the  spinal  cord  calls  forth  a 
periodic  excitation  of  the  motor  cells,  which  recurs  19-5  times  per 
second,  and  which  is  quite  independent  of  the  number  of  stimula- 
tions acting  on  the  cord.  In  the  study  of  sensory  structures  it  has 
also  been  ascertained  that  luminous  stimuli  affect  the  central 
•organs  connected  with  the  optic  nerve  most  strongly  when  they 
follow  one  another  17  or  18  times  in  the  second ;  and,  similarly, 
fitimulation  of  the  auditory  nerve  is  most  efficient  when  intermit- 
tences  occur  33  times  in  the  second.  Perhaps  stimulations  of 
these  particular  frequencies  are  most  efficient  because  they  coin- 
cide with  the  imminent  periodicity  of  the  ganglion-cells  (just  as  a 
resonator  is  most  strongly  excited  by  its  own  proper  tone). 

General  Functions  of  the  Central  Organs. 

As  was  stated  in  the  Introduction,  the  following  are  the  charac- 
teristic functions  of  the  central  organs  of  the  nervous  system : 
1.  Keflex  acts  or  reflexes,  i.e.  transmission  of  the  effects  of  stimu- 
lation from  afferent  to  efferent  fibres ;  2.  Automatic  acts,  i.e.  the 
property  of  independently  stimulating  efferent  fibres ;  3.  Psychical 
functions. 

It  was  formerly  supposed  that  o^ejiex  actions  necessitated  special 
(excito-motor)  nerve-fibres,  which  proceeded  from  sensory  end- 
organs  to  a  central  organ,  there  to  change  their  direction  and  to 
become  efferent.  This  hypothesis,  which  involved  the  existence 
of  a  special  nervous  system  exclusively  devoted  to  reflex  acts,  and 
which  did  not  at  all  explain  'why  the  change  in  direction  of  the 
fibre  did  not  occur  at  any  part,  even  outside,  of  a  central  organ, 
is  destroyed  by  the  fact  that  an  afferent  fibre  does  not  always 
liberate  the  same,  but  on  the  contrary  the  most  varied,  reflexes, 
and  may  even  excite  in  a  reflex  manner  all  efferent  fibres.  Simi- 
larly, the  conception  that  reflexes  depended  upon  deficient  insula- 
tion of  afferent  and  efferent  paths  in  the  central  organs  had  to  be 
given  up,  because  of  the  regularity  and  functional  importance  of 
these  acts.  Tlie  now  general  supposition  that  reflex  acts  depend 
upon  the  anatomical  connections  between  fibres  belonging  to  sen- 
sory and  motor  paths  is  not  free  from  serious  difficulties,  inasmuch 
as  the  effect  of  stimulation  does  not  always  travel  along  a  certain 
beaten  track,  but,  under  the  influence  of  suddenly  arising  condi- 
tions, chooses  at  one  moment  one,  the  next  moment  another,  way. 
It  would  appear  that  this  selection  of  paths  depends  partly  upon 
the  meeting  of  centripetal  stimulations,  partly  also  on  the  in- 
fluence of  special  directing  nerves  which  abut  at  the  points  of 
intercommunication  of  the  nerve-fibres. 

As  automatic  acts  are  classed  all  those  acts  of  central  organs 
■which  have  not  been  shown  to  originate  through  the  intermedia- 
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tion  of  any  liberating  agent.  In  many  cases,  however,  the  exist- 
ence of  such  an  agent  is  surmised,  and  an  attempt  is  made  to 
include  apparently  automatic  actions  under  the  class  of  reflex  acts 
(consult  in  reference  to  this,  at  p.  201,  the  liberation  of  respira- 
tory movements,  and  the  section  on  the  'muscular  tone').  Where 
no  liberating  force  is  present,  the  proximate  causes  of  the  excita- 
tion must  be  sought  for  in  the  exchanges  of  matter  which  are  going 
on  in  the  nerve  centre.  These  exchanges  may  very  well  be  associ- 
ated with  continuous  transformation  of  energy,  leading  to  an  ex- 
citation of  the  origin  of  the  nerves.  Automatic  stimulations  are 
in  great  part  periodic,  and  even  those  which  are  tonic  or  tetanic 
in  their  natme,  may  be  classed  as  periodic  in  character  (p.  274). 
The  occurrence  of  periodic  excitation  may  be  conceived  in  various 
ways,  e.g.  by  sm-mising  a  resistance  which  can  only  be  overcome 
when  the  liberated  energy  has  attained  a  certain  intensity ;  very 
much  as  a  gas  which  is  being  continuously  generated,  but  has  to 
pass  through  water,  is  discharged  through  it  in  rhythmically  suc- 
ceeding bubbles.  Even  a  very  quickly  ensuing  exhaustion  might 
explain  the  resistance  referred  to  in  the  last  paragraph. 

Many  automatically-acting  centres  are  under  the  control  of 
regulating  nerves,  which  in  some  cases  merely  affect  the  duration 
of  the  periods  (i.e.  the  frequency),  in  others  the  intensity  of  the 
excitations,  whilst  in  the  third  class  of  cases  they  exert  an  influ- 
ence upon  both.  To  the  first  category  belong  the  accelerating 
and  retarding,  to  the  second  the  exciting  and  inhibitory  nerves. 
It  is  only  in  the  case  of  the  latter  that  there  can  be  any  question 
as  to  automatism  (compare  the  section  on  vaso-constrictor  and  vaso- 
dilator nerves,  p.  111).  In  the  case  of  periodic  automatic  actions 
it  occurs  that  acceleration  is  associated  with  a  diminution  of 
intensity,  whilst  retardation  is  associated  with  intensification,  so 
that,  in  truth,  as  is  instanced  in  the  case  of  the  influence  exerted 
by  the  vagus  on  respiration,  the  total  activity  remains  the  same 
(Eosenthal,  compare  p.  201).  In  this  case,  the  action  of  regulating 
nerves  may  be  conceived  as  only  increasing  or  diminishing  the 
previously  mentioned  resistance  without  exerting  any  influence 
upon  the  amount  of  activity ;  in  the  example  of  the  gas-bubbles 
the  action  of  retarding  valves  would  be  simulated  by  increasing 
the  consistence  of  the  fluid,  which  would  cause  the  bubbles  to  be 
larger  but  less  frequeut,  and  the  action  of  accelerating  nerves  by 
diminishing  the  consistence,  when  the  bubbles  would  become  more 
frequent  and  smaller.  It  is  clear  that  a  progressively  increasing 
diminution  of  resistance  would  in  the  case  imder  consideration 
ultimately  lead  to  tetanus,  whilst  a  progressively  increasing 
resistance  would  lead  to  the  suppression  of  excitation,  the  retard- 
ing nerve  then  assuming  the  position  of  an  inhibitory  nerve.  Still 
there  are  some  cases  {e.g.  that  illustrated  by  the  action  of  the  vagus 
on  the  heart,  Ludwig  and  Coates,  p.  109)  in  which  the  activity  is 
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m  no  ways  constant,  so  that  even  in  the  case  of  periodic  auto- 
matism there  are  regulating  nerves  wliich  directly  influencti  the 
amount  of  excitation,  as  is  indeed  always  the  case  with  tonie 
automati-sm. 

Of  psychical  processes  only  those  absolutely  require  physio- 
logical consideration  which  are  in  immediate  relation  with  afferent 
and  efferent  nerve-excitations,  viz.  sensation  and  will.  Unless 
one  is  willing  to  admit  the  inadmissible  assumption  that  processes 
which  are  not  essentially  movements  of  material  particles  are 
able  to  occasion  movements  in  material  particles,  and  the  con- 
verse, we  are  compelled  to  surmise  the  existence  of  a  connection 
between  the  nerve-excitations  connected  with  sensation  and  with 
will,  which  is  analogous  to  reflex  actions. 

This  subject  will  be  further  discussed  in  connection  with  the 
physiology  of  the  cerebral  hemispheres. 


SPECIAL  PHYSIOLOGY  OF  THE  CENTKAL 
NEKVOUS  ORGANS. 

There  must  now  be  described  whatsoever  has  been  discovered 
concerning  the  functions,  as  centres  and  as  conductors,  of  the 
various  central  organs,  viz.  brain,  spinal  cord,  and  sympathetic 
ganglia.  It  must  be  expressly  borne  in  mind  that  only  those  facts 
which  have  been  established  with  some  degree  of  certainty  will  be 
noticed  in  this,  the  darkest,  region  of  physiology. 

1.  Spinal  Cord. 

Steucttjee. — The  most  important  points,  physiologically,  in  the  structure 
of  the  spinal  cord  are  the  following : — In  a  cross  section  of  the  cord  there  are 
distinguished,  1 .  The  narrow  central  canal  lined  hy  epithelium.  2.  The  grey 
suhstance  which  surrounds  that  canal,  and  projects  in  the  form  of  horns  (ante- 
rior and  posterior  cornua)  into  the  white  suhstance.  3.  The  white  suhstance, 
in  which  one  may  distinguish  on  either  side  of  the  median  fissures,  three 
columns,  the  anterior,  lateral,  and  posterior ;  between  the  anterior  and  lateral 
columns  lie  the  anterior  cornua  of  the  grey  suhstance,  and  the  fihres  of  the 
anterior  root  of  the  spinal  nerve  which  enter  it.  In  like  manner  the  posterior 
cornua  and  the  fibres  of  the  posterior  root  lie  between  the  posterior  and  lateral 
columns.  The  white  substance,  besides  the  root  fibres  traversing  it  in  an  hori- 
zontal direction,  consists  of  vertical  (longitudinal)  fihres  and  a  connecting  sub- 
stance (nem-oglia).  The  grey  substance  consists  of  ganglion-cells,  and  a 
homogeneous  grey  mass,  in  which  the  majority  of  recent  observers  describe  an 
interlacement  of  tine  axis  cylinders  running  in  all  directions. 

The  ganglion-cells  lie  for  the  most  part  in  the  anterior  and  posterior  cornua. 
There  is  distinguished  in  every  ganglion-cell  (Deiters)  a  gi-anular  mass  (proto- 
plasm), a  large  nucleus  with  neucleoli  and  processes.  Among  the  processes 
one — the  axis  cylinder,  which,  as  it  seems,  is  m  connection  with  the  nucleus — 
may  be  at  once  detected  by  its  appearance  ;  the  remaining  processes  ai'e  fine, 
numerously  branched,  pointed  fibres  (processes  of  protoplasm),  into  which 
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homogeneous  fine  simple  fibres — axis  cylinders  of  the  second  kind — are  inserted. 
The  latter  join  the  fine  network  of  fibres  of  which  the  main  mass  of  the  {?rey 
substance  consists  (Gerlach),  and  from  which  fibres,  imited  so  as  to  form  thicker 
bundles,  run  into  the  white  substance.    According  to  recent  theories  (M. 


Fig.  68. 


G  s  grey  substance,  w  v  white  anterior  column,  "w  h  white  posterior  column,  v  sp.  anterior 
root-fibres,  and  h  sp.  posterior  root-fibres,  of  spinal  nerves,  m  g  motor  ganglion-cell  of 
grey  anterior  cornu,  sg  sensory  ganglion-cell  (?)  of  grey  posterior  cornu,  1111 
sensory  fibres,  2  2  motor  fibres,  3  inhibitory  fibres,  4  4  co-ordinating  fibres  (?) 

Schultze),  the  cells  consist  of  a  fine  fibrillar  network,  the  processes  also  being 
fibrillated ;  if  so,  the  cells  are  merely  ti-aversed  by  the  fibrillas  of  the  pro- 
cesses. 

The  large  axis  cylinders  (those  of  the  first  kind)  are  the  terminations  of  the 
root-fibres  of  the  spinal  nerves.  The  cells  into  which  the  fibres  of  the  anterior 
root  enter  ('  motor  ganglion-cells  ')  are  larger  and  have  more  numerous  proto- 
plasmic processes  than  the  more  spindle-shaped  cells  into  which  the  posterior 
root-fibres  enter  ('sensory  ganglion-cells').  According  to  another  view' 
(Gerlach),  the  fibres  of  the  posterior  roots  do  not  in  general  enter  into  gan- 
glion-cells, but  pass  directly  into  the  fibrillar  networlr  of  the  grey  substance  so 
that  the  cells  of  the  posterior  cornua  also  are  probably  to  be  reckoned  as  motor. 

The  course  of  the  fibres  in  the  spinal  cord,  the  investigation  of  which  has  by 
the  introduction  of  new  methods  (study  of  their  rudiments  in  the  embryo 
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Flechsig  ^)  entered  upon  a  new  epoch,  cannot  properly  be  considered  in  this 
work. 

It  is  clear  from  the  anatomical  arrangement  of  the  parts  that 
the  spinal  cord  is,  with  the  exception  of  the  thin  sympathetic 
communications,  the  only  connection  between  the  brain  and  the 
nerves  of  the  trunk  and  extremities.  The  spinal  cord  must  there- 
fore contain  the  paths  for  the  conduction  of  all  voluntary  move- 
ments of  the  trunk  and  extremities,  for  all  sensations  in  those 
parts,  and  for  all  actions  not  psychical  of  other  cranial  centra  {e.g. 
the  respiratory  centre). 

It  is,  however,  established  on  anatomical  grounds  that  the 
nerves  of  the  trunk  in  the  spinal  cord  do  not  simply  run  to  the 
brain,  but  that  all  of  them,  or  at  least  the  motor  nerves,  are  first 
of  all  connected  with  ganglion-cells.  Moreover,  there  are  phy- 
siological reasons  against  the  view  of  the  direct  entrance  of  the 
nerves  of  the  trunk  into  the  brain,  as  will  be  seen  on  consulting 
the  sections  on  Keflex  Actions. 

No  well-ascertained  anatomical  facts  have,  as  yet,  been  dis- 
covered which  throw  light  on  the  conduction  of  impressions  from 
motor  and  sensory  gangUon  cells  to  the  brain.  It  is  most  probable 
that  the  cells  are  immediately  connected  with  a  complicated  net- 
work of  fibres,  which  continues  uninterruptedly  to  the  brain,  but 
from  which  fibres  continually  separate  and  run  to  the  brain 
isolated  in  the  white  substance.  In  order  to  understand  the 
matter,  it  is  necessary  to  assume  that  impressions  only  travel  along 
structurally  continuous  paths — paths  morphologically  pre-existent 
— but  that  they  are  able  to  pass  along  those  paths  in  every  direc- 
tion where  continuity  of  the  conducting  structure  is  established. 
According  to  this  supposition  a  nervous  impression,  when  once  it 
has  gained  the  actual,  anatomical,  network  of  fibres,  may  pass  along 
every  individual  fibre  which  is  fitted  for  conduction. 

The  result  of  an  excitation  of  a  sensory  fibre  of  the  trunk  or 
extremities  is  either  a  Sensation,  which  is  referred  with  more 
or  less  exactness  to  the  peripheral  termination  of  the  fibre,  or  a 
Reflex  Action,  i.e.  an  excitation  of  a  motor  fibre  without  the  aid 
of  consciousness,  i.e.  an  excitation  which  is  involuntary. 

Reflex  Functions  of  the  Spinal  Cord. 

Eeflex  acts  following  excitation  of  the  same  sensory  fibre  may 
be  of  the  most  varied  kinds.  Individual  muscles  may  contract, 
whereby  regular,  and,  in  a  certain  sense,  purpose-like  movements 
may  be  produced;  or  apparently  disorderly  movements  may  re- 
sult, in  more  or  less  limited  muscular  regions,  or  in  all  the 
muscles  of  the  body. 

>  Flechsig,  Die  Leitungshahnen  im  Gekirn  und  Rikhenmark  des  MenscheTi,  auj  Grund 
entwickelungsgeschichtlicher  Vntersuchungen  dargestellt.    Leipzig,  1876. 
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Orderly  reflex  movements  may  be  best  observed  in  animals 
the  mental  organs  of  which  have  been  removed  by  separation  of 
the  brain  from  the  spinal  cord ;  and,  for  the  latter  operation,  frogs 
are  the  most  convenient.  Beheaded  frogs,  when  stimulated,  make 
regular  and  purpose-like  movements  of  defence,  which  differ  so 
little  from  voluntary  movements  having  the  same  object  that  some 
have  ascribed  them  to  mental  organs  situated  in  the  spinal  cord 
(Pfliiger Orderly  reflex  acts  have  not  all  a  defensive  character, 
many  purposive  reflex  processes  having  other  objects.  Thus  the 
following  phenomena  may  be  observed  in  frogs  whose  cerebra  have 
been  separated  from  their  spinal  cords  (Groltz^): — 1.  That  they 
croak  regularly  when  the  skin  in  the  neighbourhood  of  the  back  is 
gently  stroked,  or  when  the  nerves  supplying  that  skin  are  mechanic- 
ally irritated.  2.  That,  during  the  breeding  season,  the  male  will 
clasp  the  female  firmly  and  continuously  if  the  back  of  the  latter 
be  applied  to  the  breast  of  the  former,  or  if  any  other  similarly- 
shaped  structmre,  such  as  the  finger  of  the  experimenter  or  the  back 
of  a  male  frog,  be  similarly  applied.  On  the  other  hand,  an  un- 
injured frog  does  not  croak  regularly  on  having  its  back  stroked, 
and  will  only  clasp  an  object  as  it  is  accustomed  to  clasp  the  female 
if  copulation  have  been  interrupted  immediately  before  (Groltz). 
The  consideration  of  these  differences  will  be  resumed  hereafter. 

Even  in  mammals  the  orderly  reflex  functions  of  the  isolated 
spinal  cord  may  be  observed,  e.g.  by  killing  the  brain  by  ligaturing 
its  four  principal  arteries  (S.  Mayer,  Luchsinger),  or  by  cutting 
through  the  middle  of  the  spinal  cord  and  observing  only  the  parts 
attached  to  the  lumbar  portion  of  the  cord  (Groltz).  Very  young- 
animals  also  exhibit  the  same  reflex  acts  as  frogs  when  they  are 
beheaded.  Amongst  the  orderly  reflex  actions  connected  with  the 
lumbar  portion  of  the  spinal  cord  are  to  be  mentioned  (Groltz  with 
Freusberg  and  Gergens  ^)  :  scratching  regions  of  the  skin  which  are 
tickled ;  discharge  of  urine  when  the  bladder  is  full,  especially 
upon  irritation  of  the  anus  ;  also  erection  of  the  penis  when  it  is 
stimulated ;  all  the  reflex  acts  requisite  for  coitus,  as  well  as  for 
gestation  and  parturition ;  and  the  reflex  acts  connected  with  the 
vascular  system. 

In  man  the  orderly  defensive  movements  which  occur  during 
sleep  are  in  great  part  purely  spinal  reflexes,  as,  at  any  rate, 
mental  organs  are  eliminated ;  the  same  may  be  said  of  many  un- 
conscious needful  acts  which  are  performed  in  the  waking  condition. 

A  beheaded,  or  brainless,  frog,  will  take  up  a  sitting  posture  lilre  tbe  un- 
injured animal ;  if  pinched  with  forceps,  it  will  press  with  the  feet  against  the 
instrument  in  order  to  push  it  away ;  if  a  di-op  of  acid  be  placed  upon  the  skin. 


*  PflUger,  Die  sensnrhche  Function  des  Riichenmarks.    Berlin,  1853. 

*  Goltz,  Functionen  d.  Nervencentren  des  Froscfies.  1869. 

3  Goltz, 'Ueber  gefasserweitemde  Nerven.'  Zweite  Abhandlung.  PflUger's  Arc/iiv 
vol.  xi.  p.  52.  ' 
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it  whisks  it  oflF  at  once  with  its  feet,  &c.  These  protective  movements  are  very- 
regular,  hut  they  admit  of  variations.  If,  for  instance,  that  leg  be  cut  off  which 
is  employed  under_  ordinary  circumstances  in  the  removal  of  an  irritant  from  a 
certain  spot  of  skin,  another  limh  will  be  brought  into  play,  after  some  in- 
effectual movements  of  the  stump,  for  the  accomplishment  of  the  same  object. 
In  this  case  the  stimulus  is  not  indeed  the  usual  one ;  but  it  has  had  time 
during  the  vain  attempts  of  the  fi-og  to  remove  the  irritant  by  means  of  the 
stump,  to  reach  such  an  intensity  that  a  mechanical  explanation  of  the  nheno- 
menon  is  still  possible. 

For  the  performance  of  orderly  reflex  acts  that  portion  of  the  cord  with 
which  the  implicated  sensory  and  motor  nerves  are  directly  connected  is  all 
that  is  necessary.  For  example,  the  second  experiment  above  detailed  may  be 
shown  with  only  that  portion  of  the  trunk  bearing  the  anterior  extremities,  viz. 
with  the  portion  of  the  back  between  the  skull  and  the  fourth  vertebra,  and  the 
attached  shoulder-girdle  and  arms. 

Besides  orderly  reflex  movements,  movements  of  a  disorderly 
nature,  without  any  definite  object,  may  occur ;  such  movements 
are  described  as  reflex  convulsions.  They  only  take  place  under 
abnormal  conditions,  as,  for  example,  on  very  powerful  stimulation, 
or  after  the  operation  of  certain  poisons  (strychnia),  or  of  certain 
pathological  processes  (traumatic  and  rheumatic  tetanus,  hydro- 
phobia). They  consist  of  transitory  tetanic  contractions  of  single 
groups  of  muscles,  or  of  all  the  muscles  of  the  body,  on  the  appli- 
cation of  a  sensory  stimulus.  The  less  developed  the  abnormal 
condition  of  the  spinal  cord  is,  the  more  limited  are  the  convul- 
sions, and  the  stronger  is  the  stimulus  necessary  to  induce  them. 
When,  owing  to  an  increased  development  in  the  abnormal  con- 
dition, or  to  an  increase  in  the  strength  of  the  stimulus  (the 
stimulus  being  supposed  to  be  applied  to  a  limited  portion  of  the 
skin),  the  reflex  convulsions  extend  over  a  wider  and  wider  area, 
they  take  the  following  course  (Pfliiger) : — They  are  first  manifest 
in  the  muscles,  the  motor  fibres  of  which  arise  in  the  cord  on  the 
same  side  and  at  the  same  level ;  then  they  spread  to  the  muscles 
supplied  by  the  fibres  of  the  opposite  side,  but  still  only  to  those 
which  are  symmetrical  with  the  muscles  of  the  side  first  aff'ected, 
and  they  are  never  more  intense  in  the  latter  than  in  the  former ; 
afterwards  the  convulsions  affect  muscles  supplied  by  fibres  given 
off  at  levels  which  are  nearer  and  nearer  to  that  of  the  medulla 
oblongata ;  and,  finally,  the  muscles  supplied  by  all  fibres  enter 
into  general  tetanic  convulsions,  which,  owing  to  the  superior 
strength  of  the  extensors,  give  rise  to  the  appearance  known  as 
stretching  convulsions.  The  fibres  proceeding  from  the  medulla 
oblongata  may,  without  any  such  great  extension  of  the  reflex  pro- 
cesses, be  implicated  in  convulsions  of  a  reflex  nature,  as  will  be 
shown  below. 

In  poisoning  by  strychnia,  the  slightest  disturbance  of  the  patient,  such  as 
by  a  draught  of  air  or  a  vibration  of  the  couch,  is  enouo^h  to  induce  a  paroxysm. 
It  has  rec'ently  been  observed  that,  during  tlie  condition  of  apnoea,  the  reflex 
convulsions  characteristic  of  strychnia  and  similar  poisons  do  not  occur  (Rosen- 
thal and  Leube,  Uspeusky) ;  according  to  Buckheim  this  result  follows  all 
passive  movements. 
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In  order  to  understand  reflex  activity,  it  is  necessary  to  sup- 
pose a  union  of  motor  and  sensory  ganglion-cells,  and,  moreover, 
a  union  in  manifold  ways.  As  direct  anastomoses  of  these  cells 
do  not  occur  (Deiters),  this  union  can  only  be  effected  by  means 
of  the  above-mentioned  grey  network  of  fibres.  But  since  this 
network  apparently  unites  all  the  ganglion-cells  of  the  spinal  cord 
together,  while  it  is  certainly  possible  to  understand  the  extension 
of  the  reflex  process  to  all  the  muscles  of  the  body,  as  occurs  in 
the  general  convulsions  of  strychnine  poisoning,  it  is  as  difiicult  to 
see  how  the  reflex  process  is  ever  limited  and  localised,  or  how  it 
results  in  orderly  acts,  as  it  is  to  understand  the  isolated  conduc- 
tion of  sensations  to  the  brain,  or  the  voluntary  production  of 
isolated  movements  in  the  trunk. 

In  order,  therefore,  to  reconcile  the  physiological  possibilities 
■with  the  anatomical  facts,  it  is  necessary  to  assume  that  under 
ordinary  circumstances  there  exists  throughout  the  network  of 
fibres  a  very  great  resistance  to  conduction,  so  that  the  excitation 
or  impression,  even  at  a  short  distance  from  the  sensory  cell,  which 
had  been  directly  stimulated,  becomes  reduced  to  an  almost  im- 
perceptible strength.  In  consequence,  excitation  can  only  be  dis- 
tributed (a)  in  the  neighbourhood  of  the  stimulated  cell,  causing 
limited  reflex  actions,  (6)  along  paths  where  conductivity  is  more 
perfect,  and  which  do  not  originate  in  the  fibrous  network  at  too 
great  a  distance  from  the  point  of  stimulation.  Such  paths  of 
more  perfect  conductivity  are,  apparently,  the  fibres  which  were 
described  as  emerging  from  the  network  and  running  in  the  white 
substance  to  the  brain.  In  this  way  the  isolated  conduction  of 
sensibility,  as  well  as  that  of  voluntary  impulses  to  movement, 
become  intelligible  (compare  fig.  68,  p.  477). 

The  production  of  orderly,  purpose-like  reflex  movements 
remains  unexplained  on  this  theory,  since  it  is  not  certain  that,  in 
such  movements,  the  impressions  are  transferred  to  the  motor  cells 
in  the  immediate  vicinity.  It  must  at  least  be  first  shown  that 
the  situation  of  the  cells  is  such  that  the  motor  cells  respond  to 
the  stimulation  of  the  sensory  cells  nearest  them  by  the  most  per- 
fect movements  for  the  purposes  of  defence,  an  arrangement  which 
is,  of  course,  quite  possible.  It  is,  however,  quite  as  probable 
that,  by  an  inherited  perfection  of  organization,  conduction  from 
every  sensory  cell  in  the  network  is  especially  favoured  in  certain 
directions  (by  a  diminution  of  resistance  in  those  directions), 
whereby  purpose-like  movements  are  subserved  or  that  combina- 
tions are  formed,  more  readily  capable  of  conducting,  by  means  of 
the  fibres  of  the  white  substance. 

The  abnormal  extension  of  the  reflex  process,  first  of  all  to 
neighbouring  motor  cells,  then  to  motor  cells  more  remote,  and 
finally  to  the  whole  number  of  them,  would  further  be  explained 
by  supposing  a  diminution  of  the  above-mentioned  resistance  to 
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conduction,  which  strychnia  and  the  pathological  causes  of  tetanus 
might  be  able  to  bring  about  in  an  extraordinary  degree.  If  this 
were  the  true  explanation,  the  power  of  referring  sensations  to 
definite  localities,  and  of  producing,  voluntarily,  local  movements, 
would  also  be  prejudiced :  but  concerning  this  we  have  no  exact 
information. 

This  hypothesis  admits,  on  the  other  hand,  the  possibility  of 
the  existence  of  influences  capable  of  i^i creasing  the  resistance  to 
conduction,  and  therefore,  of  (1)  rendering  more  difficult  the  pro- 
duction of  reflex  acts,  and  (2)  rendering  keener  the  powers  of 
localising  sensations  and  voluntary  movements;  and  such  in- 
fluences have  in  fact  been  demonstrated. 

Inhibition  op  reflex  actions  occurs  chiefly  through  the  in- 
fluence of  the  will.  All  orderly  reflex  acts,  such  as  have  been  pre- 
viously described,  occur  with  regularity  only  during  sleep  or  after 
removal  of  the  cerebrum.  Under  the  influence  of  the  will  they  are 
just  as  often  suppressed  as  permitted,  as  is  evidenced  by  the  follow- 
ing examples :  the  refraining  from  scratching  an  itching  part,  or 
from  emptying  the  bladder  when  the  desire  to  do  so  exists,  or  from 
closing  the  lids  when  the  eye  is  touched  ;  and  analogous  pheno- 
mena occur  even  in  the  operations  of  the  brain.  Voluntary  in- 
hibition of  reflex  acts  extends,  however,  only  to  such  movements 
as  may  be  originated  by  the  Avill  without  any  stimulation  of  sen- 
sory nerves  ;  thus,  neither  can  ejaculation  of  semen  be  voluntarily 
induced,  nor  can  the  reflex  act  once  provoked  be  suppressed. 

A  second  order  of  reflex  inhibitions  are  such  as  are  provoked 
by  the  strong  stimulation  of  any  sensory  nerve,  actually  even  by 
the  strong  stimulation  of  the  very  afferent  nerves  which  occasion 
the  act  (Groltz,  Setschenow,  Nothnagel,  Lewisson,  Fick  and  Erlen- 
meyer). 

Lastly,  a  third  order  of  reflex  inhibitions  depends  upon  the 
activity  of  peculiar  inhibitory  apparatuses  existing  in  the  brain, 
which  are,  however,  distinct  from  the  mental  organs ;  in  the  frog 
these  inhibitory  centres  lie  in  the  optic  lobes  (Setschenow  Sec- 
tion of  the  cord  occasions,  in  consequence,  an  increase  in  the  reflex 
excitability  in  the  region  of  the  cord  below  the  section,  which 
bears  some  resemblance  to  the  conditions  induced  by  poisoning 
with   strychnia,  conditions  formerly  known  as  '  hyperassthesia ' 
and  '  hyperkinesia,'  and  peculiarly  evident,  by  comparison,  if  one- 
half  only  of  the  cord  be  divided.    The  changes  which  are  produced 
in  this  way  must,  in  part,  be  ascribed  to  a  stimulation  of  the  reflex 
mechanisms  originating  at  the  divided  part,  so  that  it  cannot  be  said 
that  a  tonic  inhibition  of  the  reflex  mechanisms  by  the  inhibitory 
centres  has  been  rigidly  proved  (Herzen,  Setschenow  and  Paschutin). 
Stimulation  of  the  inhibitory  centres  prevents  reflex  acts. 

'  Setschenow,  Uebcr  die  HemrrMngsmechaiusmen  fur  die  Rejiextlidtigheit  des  Riickcii- 
marks.  1863. 
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The  customary  way  of  measuring  reflex  excitability  in  frogs  is  (Tiirck)  to 
irmnerse  the  leg  in  dilute  acid,  and  to  determine  with  the  metronome  the  time 
when  the  leg  is  withdrawn  from  the  acid.  This  time  is  not  to  be  mistaken  for 
the  reflex-time;  it  is  much  rather  the  time  required  for  the  acid  so  to  attack  the 
skin  as  to  excite  a  reflex  act ;  nevertheless,  the  longer  the  interval  between  immer- 
sion and  withdrawal  of  the  leg,  the  smaller  the  reflex  excitability  of  the  cord. 
The  time  is  increased  by  stimulating,  either  by  means  of  powdered  salt  or  of 
blood,  the  optic  lobes,  both  salt  and  blood  acting  as  stimuli  to  the  inhibitory 
centres  (Setschenow). 

According  to  some  there  exist  certain  poisons  which  depress  reflex  excita- 
bility, and  which  do  so  by  stimulating  those  centres  which,  it  is  believed,  are 
also  stimulated  by  the  condition  of  the  blood  which  exists  in  dyspnoea  (Weil). 

The  reflex  inhibitions  now  under  discussion  difier  from  the  voluntary  reflex 
inhibitions,  inasmuch  as  the  former  affect  all  reflex  acts,  the  latter  only  certain 
of  them.  According  to  a  recent  investigation  of  Ludwig  and  Woroschiloft',^ 
there  exist  also  centripetal  fibres  which  are  in  a  state  of  tonic  excitation,  and 
which  inhibit  reflex  acts. 

It  has  recently  been  sought  to  classify  reflex  acts  according  to  the  method 
of  their  liberation  (Setschenow,  Danilewsky).  Those  induced  by  means  of 
touching  are  called  '  tactile  reflex  movements,'  to  distinguish  them  from  '  pa- 
thic  reflex  movements,'  or  such  as  follow  the  chemical  or  otherwise  destruc- 
tive and  painful  irritation  of  the  skin.  These  two  sorts  of  inducing,  or  libera- 
ting, impressions  have,  moreover,  been  thought  to  ti'avel  along  different  centri- 
petel  paths,  since  the  reflex  movements  induced  by  them  differ  in  their  natm'e. 
Such  a  distinction — which  may  possibly  be  supported  on  anatomical  groimds — 
would,  at  the  same  time,  explain  the  difference  which  exists  in  the  power  of 
the  mind  to  refer  to  their  exact  locality  impressions  of  a  tactile  and  of  a  painful^ 
nature,  the  fonner  being  localised  by  the  mind  with  far  more  exactness  than  the. 
latter,  which  appear  to  radiate  or  extend  over  a  considerable  surface  beyond  the 
point  of  application  of  the  irritant.  (This  difference  may,  however,  be  explained 
in  the  manner  given  on  p.  489.)  It  would  appear,  further,  that  it  is  only  reflex 
movements  of  a  '  pathic '  natm-e  which  are  capable  of  inhibition  by  means  of 
Setschenow's  centres ;  while  '  tactile '  reflex  movements,  on  the  other  hand,  can 
only  be  inhibited  by  means  of  the  will.  These  differences  will  be  again  spoken  of. 

There  is  yet  no  theory  which  satisfactorily  accounts  for  the 
facts  of  reflex  inhibition.  Inhibition  by  the  will  might  be  con- 
ceived to  be  due  to  fibres  of  the  anterior  columns  entering  the 
grey  matter  and  reinforcing  the  previously-mentioned  resistance 
to  conduction  in  the  regions  around  their  points  of  entrance  (such 
fibres  have  been  represented  by  3  3  in  fig.  68,  p.  477)  ;  yet  such 
an  action  is  not  comprehensible.  Many  thinkers  regard  all  reflex 
inhibitions,  especially  such  as  are  induced  by  the  strong  stimula- 
tion of  sensory  nerves,  as  due  to  a  kind  of  interference-action, 
which,  however,  is  also  scarcely  comprehensible. 

The  following  facts  have  been  observed  in  reference  to  spinal 
reflexes ;  the  condition  of  apnoea  appears  able  to  suppress  them 
(Rosenthal,  compare  p.  480).  Individual  stimuli  only  induce  re- 
flexes when  they  are  very  powerful,  whilst  rhythmical  stimuli 
applied  to  the  skin  (induction  shocks)  act  the  more  quickly  and 
powerfully  the  more  frequently  the  individual  stimuli  succeed  ;  so 
that  we  must  surmise  that  a  summation  or  addition  of  centripetal 

1  Ludwig  u.  Woroschiloff, '  Der  Verlauf  der  motorischcn  und  sensiblen  Balmcn  durch 
daa  Lendenmark  des  Kaninchen.'   Ludwig's  Arbtiten,  1874. 
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excitations  occurs  in  the  central  organ,  and  indeed  it  is  doubtful 
whether  a  single  stimulus  can  excite  a  reflex  act  at  all  (Ludwig 
and  Stirling,^  Eosenthal). 

The  time  occupied  by  a  reflex  act  {reflex-time)  may  be  measured 
by  determining  in  brainless  animals  the  time  intervening  between 
stimulation  and  movement ;  the  time  occupied  in  conduction  by 
the  nerves,  as  well  as  the  latent  period  of  muscular  contraction, 
being  determined  in  separate  experiments.  Fresh  determinations 
(Helmholtz,  Eosenthal,^  Exner,^  Wundt  and  others)  have  given  as 
the  value  of  the  reflex  time  -^ih.  of  a  second  or  even  less ;  the 
reflex  time  is  lengthened  by  cold,  and  shortened  when  the  strength 
of  the  stimulus  is  increased,  as  well  as  by  strychnia.  Further,  the 
time  is  longer  when  the  nerves  concerned  in  the  reflex  are  not  at 
the  same  spinal  level,  and  especially  is  it  lengthened  when  the 
effect  has  to  cross  the  spinal  cord. 

According  to  a  recent  work  (Ludwig  and  Owsjannikow  ^)  orderly 
reflexes  occur  between  very  different  spinal  levels,  e.g.  between  the 
hind  and  fore  extremity,  and  conversely — not,  however,  when  the 
medulla  oblongata  is  separated — so  that  within  the  latter  must  be 
situated  a  reflex  central  organ  of  a  higher  order  which  can  bring 
into  communication  different  spinal  levels  by  means  of  white 
longitudinal  fibres ;  nevertheless,  the  general  diffusion  of  reflexes 
which  strychnia  brings  on,  occurs  even  in  the  isolated  spinal  cord. 

Other  Functions  of  the  Spinal  Cord. 

From  what  has  preceded  it  follows  that  the  chief  importance 
of  the  spinal  cord  lies  in  the  fact  that  its  grey  matter  contains  the 
immediate  centres  for  all  the  efferent  nerves  of  the  trunk,  which 
can  be  thrown  into  reflex  activity  by  centripetal  nerves,  especially 
by  those  which  join  the  cord  at  the  same  level  (these  centres  may 
therefore  be  called  '  Niveau-centres ').  The  reflexes  occasioned  in 
this  way  offer  the  first  example  of  animal  reaction,  and  under 
normal  circumstances  are  sufficient  for  the  preservation  of  the 
organism.  By  the  interlocking  of  reflex  apparatuses  of  a  higher 
order,  and  by  the  addition  of  mental  organs,  the  reaction  of  the 
animal  becomes  more  developed  and  better  suited  to  the  circum- 
stances of  the  environment,  though  the  reflexes  in  one  plane  be- 
come also  more  restrained. 

The  efferent  nerves  of  the  spinal  cord  govern  the  movements 
of  the  whole  trunk  and  its  extremities,  the  movements  of  the 

1  Ludwig  u.  Stirling,  '  Ueber  die  Innei-vation  elektrischer  Hautreize.  Ludwig's 

Arbeiten,  1874.  ,    t..  j  n 

*  Rosenthal,  '  Untersuchungen  uber  Reflexe.'    Sitzungsher.  d.  Phystk.  Med.  Soc.  tn 

Erlangen.    1873.  ,  ,.   ,      „  -r 

3  Exncr,  Exper'tmenteUe  Uvtersuchiing  der  einfaclisten  psi/chischen  Frocesse.  /.wcitc 
Abhandlung.    'Ueber  Keflexzeit  und  RUckenmarksleitung.'    Pfliiger's  Archiv.  Vol. 

viii.  p.  526.  .  „    ,    .         t  •  . 

■»  Ludwig  u.  Owsjannikow, '  Ueber  einen  Unterscliied  in  den  reflectonschen  Leistungen 
■des  verlangertcn  und  dcs  RUckcnninrkes  der  Kaninchen.'    Ludwig's  Arbeiten,  1874. 
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viscera,  the  constriction  and  dilatation  of  the  vessels,  except  in 
the  case  of  the  head  and  many  secreting  glands.  For  many  of 
these  organs  the  spinal  level  ('  MarJmiveau ')  is  known  ;  thus, 
for  the  vessels  of  the  head,  for  the  dilatator  iridis,  for  the  smooth 
muscles  of  the  eye-ball  (muscles  of  Miiller),  perhaps  also  for  the 
secretory  fibres  of  the  cervical  sympathetic  (saliva,  tears),  the 
centre  is  situated  on  the  borders  between  the  cervical  and  the 
dorsal  spinal  cord  {Regio  oculo-spinalis,  centrum  ciliospinale, 
Budge),  whence  the  fibres  concerned  proceed  out  of  the  spinal 
cord,  passing  through  the  anterior  roots  of  the  spinal  nerves  into 
the  course  of  the  cervical  sympathetic.  For  the  uro-genital  and 
rectal  apparatus  the  centre  lies  in  the  lumbar  portion  of  the  spinal 
cord,  e.g.  for  the  sphincter  ani  the  centre  lies,  in  the  dog,  at  the 
lower  third  of  the  fifth  lumbar  vertebra  (Budge,  Griannuzzi, 
Masius),  in  the  rabbit  the  centre  lies  between  the  sixth  and  seventh 
limibar  vertebrae  (Masius) ;  the  centre  connected  with  the  closure 
of  the  bladder  lies  immediately  beneath  the  preceding  (Masius). 

Besides  being  influenced  by  reflexes  in  one  plane  and  by  the 
action  of  parts  of  the  brain,  these  spinal  centres  are  also  directly 
excited  by  many  conditions,  as  by  the  dyspnoeic  condition  of  the 
blood,  by  heat,  poisons,  &c.  Whether  in  these  cases  automatic 
excitation  occurs,  is  doubtful.  The  usual  automatic  actions  which 
appear  to  depend  upon  them  are  either  in  reality  reflexes — as,  for 
instance,  the  tone  of  the  sphincters — or  they  have  their  origin  in 
higher  centres ;  such  is  the  case  with  the  tonus  of  the  dilatator 
iridis  and  the  vascular  tonus.  Nevertheless,  after  section  of  the 
spinal  cord,  the  vascular  tonus  of  the  posterior  parts  of  the  body  is 
observed  to  be  reestablished  after  some  time,  and  only  disappears 
altogether  after  destruction  of  the  posterior  segment  of  the  cord 
(Legallois,  Goltz,'  Vulpian) ;  so  that  a  species  of  vicarious  tonic 
automatism  is  set  up  (a  similar  and  further  process  occurs  after 
destruction  of  the  spinal  cord,  through  the  agency  of  the  peripheral 
ganglia  in  connection  with  blood  vessels).  Another  very  doubtful 
automatism  is  that  of  Muscular  Tonus. 

The  Tonus  of  Muscles. — By  '  muscular  tonus '  is  understood 
a  constant,  slight,  and  involuntary  contraction  of  all  the  muscles 
of  the  body,  but  especially  of  those  of  animal  life,  which  is  de- 
pendent upon  the  nervous  system.  All  the  appearances  which  are 
usually  received  as  proof  of  the  existence  of  this  constant  tonus 
are,  however,  capable  of  explanation  in  other  ways.  Thus,  the  re- 
traction of  severed  muscles,  which  svas  supposed  to  be  due  to  it, 
takes  place  when  the  nerves  supplying  the  muscles  have  been 
previously  divided,  and  is  merely  due  to  the  fact  that  muscles 
in  the  body  are  extended  somewhat  beyond  their  natural  length. 
Again,  distortion  of  the  face  after  paralysis  of  the  facial  nerve  on 

1  Goltz,  'Ueber  die  Functionen  des  Lendcnmarks  des  Hundcs,'    PflUgcr's  Archiv 
vol.  viii.  ' 
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one  side  need  not  depend  upon  a  deficiency  of  muscular  tonus  on 
that  side,  but  upon  the  fact  that,  after  contraction  of  the  muscles 
of  the  opposite  side  has  once  occurred,  there  is  no  means  of  re- 
oxtending  the  muscles  to  their  original  shape.  But  the  assump- 
tion of  any  such  real  automatic  tonus  may  be  directly  disproved 
by  first  of  all  making  a  preparation  in  which  an  extended  muscle 
is  still  connected  with  its  motor  nerve  and  the  central  nervous 
system,  and  then  dividing  the  nerve,  when  it  will  be  noticed 
that  the  muscle  does  not  become  in  the  slightest  degree  elongated 
(Auerbach,  Heidenhain). 

On  the  other  hand,  individual  voluntary  muscles  may,  under 
certain  conditions,  be  shown  to  be  under  an  involuntary  and  weak 
contraction,  which  is  not,  however,  automatic,  but  reflex  in  its 
nature.    If  a  frog  be  vertically  suspended,  after  having  its  brain 
separated  from  its  spinal  cord,  and  the  nerves  of  one  of  its  hinder 
legs  be  divided,  it  will  be  noticed  that  the  injured  leg  hangs  more 
loosely  than  the  uninjured  one.    The  same  results  follow  if,  instead 
of  dividing  the  whole  sciatic  plexus  of  nerves,  the  posterior  roots 
alone  be  cut.    Hence  it  must  be  concluded  that  the  slight  flexion 
of  the  uninjured  limb  is  not  due  to  an  automatic,  but  to  a  reflex 
action  which  is  liberated  by  means  of  the  sensory  fibres  of  the  limb 
(Brondgeest),  and  the  necessary  irritation  of  which  appears  to 
proceed  from  the  skin  (Cohnstein).    This  contraction  does  not 
affect  all  the  muscles  of  the  limb,  nor  has  it  been  shown  to  exist  at 
all  in  the  ordinary  posture  of  the  body.    In  the  first  place,  as  may 
be  proved,  it  only  affects  the  flexors  ;  and  in  the  second  it  is  but 
another  form  of  the  better  known  phenomenon  that  a  brainless 
frog  strives,  in  all  positions  of  body,  to  retract  its  legs.    It  has  not 
yet  been  proved  that,  after  the  legs  have  been  drawn  up  as  in 
sitting,  contraction  of  the  flexors  continues  in  the  same  manner  as 
during  suspension,  when  retraction,  on  account  of  the  weight,  can- 
not be  maintained,  except  to  a  slight  extent,  for  any  length  of 
time  (Hermann).     Hence  Brondgeest's   phenomenon  is  to  be 
regarded  merely  as  the  special  continuance,  under  abnormal  cir- 
cumstances, of  a  contraction  of  reflex  origin,  which  is  usually 
transitory.     And  therefore   the   formerly  surmised  '  muscular 
tonus'  does  not  exist. 

The  influence  of  section  of  the  posterior  roots  in  diminishing  the  irritability 
of  the  anterior  (p.  355)  may  be  explained  by  reference  to  the  above-mentioned 
phenomenon  (Steinmann  and  Oyon). 

The  previously-mentioned  stimulation  of  the  spinal  cord  by  dyspnocic  blood 
is  often  not  apparent  immediately  after  section  of  the  cord,  in  consequence  of  the 
shock  which  the  section  inflicts  upon  the  whole  cord.  Subsequently,  however, 
dyspncea  may  occasion  general  convulsions,  sweating,  vascular  cramp,  foecal 
evacuations,  contractions  of  intestine  and  uterus,  &c.  ;  these  may  also  be  occa- 
sioned by  heat,  as  w^ell  as  by  such  poisons  as  picrotoxin  (Marshall  Hall,  Luch- 
singer,  V.  Schroff"  and  others).  Rhythmical  respiratory  movements  are  said  to 
occur  when  the  excitability  of  the  cord  is  heightened  by  strychnia  or  by  heat 
(P.  Rokitansky,  V.  Schroft",  jun.) 
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The  ■eommunications  of  the  different  '  spinal  levels '  with  the 
T)rain  must  be  established  by  means  of  cerebripetal  and  cerebH- 
fugal  fibres;  the  former  ministering  to  sensation  and  liberating 
■reflexes  of  a  higher  order,  the  latter  leading  to  movements  due 
either  to  the  will,  to  cerebral  reflexes,  and  cerebral  automatic 
■actions,  or  serving  as  the  channels  for  various  inhibitory  influences. 

The  slight  knowledge  which  we  possess  concerning  the  paths 
in  the  spinal  cord  along  which  the  characteristic  operations  of  that 
•organ  proceed,  has  been  gained  partly  by  direct  experiment,  partly 
from  observations  of  pathological  conditions,  and  partly  from  a 
study  of  anatomical  arrangement.  The  experiments  referred  to 
consist  mainly  in  observing  the  effects  of  partial  section  of  the 
■cord,  such  as  unilateral  section,  section  of  individual  white  or 
grey  columns,  section  at  different  levels  on  the  same  or  on  oppo- 
site sides,  &c.  The  method  mentioned  on  p.  353  for  the  discovery 
of  paths  of  conduction,  viz.  by  stimulation,  cannot  be  applied  in 
the  case  of  the  spinal  cord,  if  it  be  true,  as  some  observers  state, 
that  the  cord  is  not  irritable  to  direct  mechanical  and  electrical 
stimuli  (Brown-Sequard,  Schifi"  and  Van  Deen,  S.  Meyer).  It  must 
be  remembered,  however,  that  this  statement  is  opposed  by  others 
(Fick  and  Engelken,  Griannuzzi).  For,  assuming  the  statement  to 
be  true,  no  stimuli  applied  to  the  spinal  cord,  except  those  of  a 
■chemical  nature,  which  appear  to  be  partially  active,  will  produce 
any  results  if  they  do  not  directly  excite  the  root-fibres  of  some 
spinal  nerve  which  happens  to  be  traversing  the  cord  at  the  point 
•of  stimulation. 

The  fibres  of  the  cord  proceeding  from  the  vaso-motor  centre  must  he  excepted 
an  the  above  statement,  as  every  stimulation  of  spinal  cord  produces  narrowing 
of  all  the  arteries  supplied  by  fibres  given  off  below  the  point  of  stimulation 
'(Ludwig  and  Thii-y,  see  p.  113).  Moreover,  aU  stimulations  of  the  substance 
of  the  cord,  as  was  mentioned  on  p.  113,  cause  reflex  irritation  of  the  vaso-motor 
centre,  and  raise  the  blood-pressure  (Ludwig  and  Dittmar^).  Should  the  appa- 
rent inability  of  electrical  and  mechanical  stimuli  to  irritate  the  cord  be  really 
•established,  notwithstanding  the  assertions  to  the  conti-ary  of  Fick  and  Gian- 
nuzzi,  it  ought  rather  to  be  ascribed  to  an  overpowering  irritation  of  such 
inhibitory  fibres  as  happen  to  come  in  the  way  of  the  stimulus  than  to  an  abso- 
lute inability  on  the  part  of  any  conducting  portion  of  the  cord  to  respond  to 
stimulation.  In  the  latter  case,  it  must  be  supposed  that  only  axis  cylinders  of 
tlie  first  kind  have  the  general  properties  of  extra-central  nerve-fibres,  and  that 
the  remaining,  specially  central,  fibres  cannot  be  irritated  by  the  most  important 
nervous  stimuli.  In  order  to  express  that  the  conducting  substance  of  the  cord 
is  only  capable  of  conduction  and  not  of  irritation,  the  terms  *  festhesodic ' 


1  Ludwig  und  Dittmar,  'Ein  neuer  Bcweiss  fUr  die  Reizbarkeit  der  centripetalen  Fnsern 
des  Riickenmarks.'   Ludwig's  Arbeiten,  1870. 
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(capable  of  conducting  sensory  impressions)  and  'kinesodic'  (capable  of  con- 
ducting motor  impressions)  bave  been  applied  to  it. 

From  the  effects  of  partial  division  of  the  cord  in  various  ways 
(Brown-Sequard,  Schiff,  Setschenow,  and  others)  the  following 
conclusions  have  been  drawn.  1.  The  conduction  of  localised 
sensory  impressions,  and  of  motor  impressions  which  are  volun- 
tarily restricted  to  definite  sets  of  muscles,  is  effected  through  the- 
white  substance.  Partial  section  of  the  latter  severs  the  con- 
nection between  the  mind  and  individual  regions  of  the  skin  and 
individual  groups  of  muscles.  Hence  result  insensibility  to  tactile 
impressions — anaesthesia,  and  paralysis  of  voluntary  motion.  The 
paths  which  subserve  conduction  remain  on  the  same  side  of  the 
cord  as  far  as  the  brain,  i.e.  they  do  not  cross  the  middle  line  of 
the  cord. 

The  older  statements  that  the  conduction  of  sensory  impulses- 
took  place  through  the  posterior  white  columns,  whilst  the  motor 
traversed  the  anterior  and  lateral  columns,  have  not  been  confirmed 
by  a  recent  research  (Ludwig  and  Woroschiloff,  see  p.  483) ;  accord- 
ing to  the  results  of  this  research,  the  only  channels  of  conduction 
to  the  brain  are  the  lateral  columns,  and  it  would  appear  that  in 
these  both  sensory  and  motor  paths  are  mixed.  In  accordance 
with  this  view  the  lateral  columns  increase  in  thickness  as  they 
proceed  from  above  downwards  (compare  fig.  68).  The  special 
function  of  anterior  and  posterior  columns  would  thus  appear  to 
be  unknown  ;  they  possibly  contain  the  previously-mentioned  co- 
ordinating fibres  which  connect  the  various  levels  of  the  cord. 

2.  The  '  pressor '  fibres,  which  proceed  from  the  posterior 
extremities,  course  along  the  lateral  columns  and  cross  the  cord 
partially  (Ludwig  and  Miescher  ^). 

3.  Sections  through  the  grey  matter  do  not  affect  the  com- 
munications between  the  deeper  parts  of  the  cord  and  the  brain. 
(For  the  function  of  the  grey  matter  in  relation  to  sensory  percep- 
tions, see  below.) 

These  facts  prove  that  the  grey  matter  serves  essentially  for  the 
propagation  of  reflexes  from  one  level  to  another,  a  conclusion  which 
can  also  be  arrived  at  from  a  knowledge  of  the  fact  that  its  thick- 
ness at  any  level  is  proportional  to  the  number  of  the  spinal  root 
fibres  which  enter  at  that  level  (hence  the  cervical  and  lumbar  en- 
largements). Inasmuch  as  the  communication  between  sensory  roots 
find  cerebripetal  fibres  occurs  through  the  grey  matter,  on  account 
of  the  resistance  opposed  by  the  latter,  any  sensory  stimulation 
will  affect  the  more  cerebripetal  fibres  the  more  intense  it  is;  the 
greater  the  distance  between  the  spinal  nerve  roots  and  the  origin 
of  the  cerebripetal  nerve-fibres  from  the  grey  matter,  the  less  will 
these  participate  in  the  state  of  activity. 

1  Ludwig  u.  Miescher,  'Zur  Frage  der  sensiblen  Leitung  im  RUckenmark.'  Ludwig's- 
Arbeiten,  1870. 
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Every  sensory  irritation  must  therefore  assume  the  form  of  a 
sensory  circle,  and  the  area  of  this  must  be  more  extended  (that 
is,  the  sensation  must  be  the  more  radiated)  the  more  intense  the 
stimulus.  Amongst  the  ordinary  so-called  tactile  stimuli  may  be 
disting-uished  the  intense  so-called  'pathic'  stimuli,  by  their 
greater  diffusion  and  by  the  correspondingly  more  diffused  and 
less  orderly  reflexes  which  they  occasion.  Perhaps  the  greater 
diffusion  (or  radiation)  is  a  condition  necessary  for  the  perception 
of  pain,  as,  after  section  of  the  grey  matter,  analgesia  is  observed ;, 
i.e.  that — as  occurs  sometimes  during  chloroform  narcosis — instru- 
ments which  are  inflicting  injuries  which  normally  would  be  pain- 
ful are  felt,  but  the  sensations  are  not  painful  (Schiff)  ;  obviously,, 
assuming  that  a  section  through  the  grey  matter  produces  the 
effect  previously  mentioned,  one  must  conclude  either  that  the 
section  injures  the  whole  grey  matter,  or,  which  is  unlikely,  that 
even  the  grey  matter  is  engaged  in  conducting  in  a  longitudinal 
direction  to  the  brain  impulses  which  give  rise  to  pain. 

Lastly,  voluntary  stimulations  must,  in  consequence  of  the 
properties  of  the  grey  matter,  excite  a  large  irradiation  circle  in 
it,  and  therefore  throw  into  activity  a  certain  number  of  motor 
nerves.  As,  further,  tl^p  occurrence  of  orderly  reflexes  already 
rendered  necessary  the  smmise  that  co-ordination  of  different 
regions  are  brought  about  by  well-conducting  fibres,  it  is  scarcely 
to  be  doubted  that  these  are  also  combinedly  thrown  into  action, 
so  that  in  the  case  of  orderly  voluntary  movements  the  mind  is 
spared  a  certain  amount  of  work.  In  respect  to  inhibitory  fibres 
it  must  be  remembered  that  those  which  limit  the  diffusion  of 
reflexes  must  also  diminish  irradiation;  but  the  fact  has  not 
actually  been  determined. 


2.  Encephalon. 

The  continuation  upwards  of  the  spinal  cord,  consisting  of 
medulla  oblongata,  cerebellum,  the  so-called  cerebral  ganglia 
(corpora  quadrigemina,  thalami  optici,  corpora  striata,  &c.),  and 
the  cerebral  hemispheres,  contains  a  great  number  of  central 
organs  concerning  the  functions  and  combinations  of  which  ex- 
tremely little  has  been  discovered.  The  cerebral  hemispheres 
contain  the  organs  concerned  in  the  psychical  functions,  as  will  be 
shown  hereafter. 

One  of  the  chief  objects  of  the  physiology  of  the  central  ner- 
vous system  is  to  investigate  the  connections  between  the  organ 
of  the  mind  and  the  peripheral  end-organs,  viz.  sense-organs  and 
muscles.  As  far  as  spinal  nerves  are  concerned  it  has  already 
been  shown  that  they  do  not  proceed  directly  to  the  surface  of  the 
cerebral  hemispheres,  but  that  they  first  enter  the  grey  substance 


490  SCHEMA  OF  THE  THREE  SYSTEMS  OF  PROJECTION. 


of  the  cord.  This  substance  is  then  connected  with  the  brain — 
but  still,  as  will  be  presently  explained,  not  with  the  surface  of 
the  cerebrum— by  means  of  the  longitudinal  fibres  of  the  white 
«olumnB. 

Cranial  nerves,  also,  do  not  communicate  directly  with  the 
surface  of  the  cerebrum,  but  first  enter  certain  intermediate 
central  organs,  a  general  view  of  which  is  contained  in  the  follow- 
ing statements. 

The  grey  mass  covering  the  cerebral  hemispheres  gives  off  the 
following  systems  of  fibres,  which  form  the  white  substance  of  the 
hemispheres: — 1.  Fibres  uniting  together  various  regions  of  the 
surface  on  one  side  (so-called  'associating  fibres').  2.  Fibres 
uniting  symmetrical,  and  perhaps  also  unsymmetrical,  regions  of 
surface  of  the  two  hemispheres  (so-called  '  commissural  fibres ' 
passing  through  the  corpus  callosum  and  the  anterior  commissure). 
3.  Eadiating  fibres  running  towards  the  above-mentioned  cerebral 
ganglia  or  grey  masses  lying  in  the  interior  of  the  brain  ('  pedun- 
<;ular  fibres ').  The  third  system  must  constitute  the  bond  between 
the  organ  of  mind  and  the  external  world,  that  is  to  say,  if  there 
is  not  yet  another  system  (as  Broadbent  maintains)  consisting  of 
fibres  which  run  uninterruptedly  from  the  posterior  part  of  the 
grey  matter  through  the  crura  cerebri  into  the  white  substance  of 
the  cord. 

The  ganglia  at  the  base  of  the  brain  are  directly  connected 
with  nerves  (anterior  cranial  nerves)  and  with  one  another. 
Finally,  the  strongest  bonds  of  union  pass,  by  means  of  the 
peduncles  of  the  brain,  to  the  cerebellum,  and  to  the  grey  sub- 
stance of  the  medulla  oblongata  and  the  spinal  cord,  and,  there- 
fore, to  the  proximate  termination  of  almost  all  peripheral 
nerves. 

If  we  regard  a8  the  object  of  all  nervous  combinations  the  projection  of  the 
eiu'face  of  the  body,  in  its  motor  and  sensory  aspects,  upon  the  plane  of  the 
meotal  organs,  the  following  schema  of  this  projection  may  be  drawn  (Mey- 
nert) : — The  first  system  of  projection,  perhaps  better  described  as  the  inner, 
unites  the  cerebral  cortex  with  the  large  ganglia  at  the  base  of  the  brain  (the 
radial  system  of  fibres)  ;  the  second  system  of  projection,  or  the  middle  system 
(the  peduncles,  &c.),  unites  the  basal  ganglia  with  the  grey  substance  of  the 
«pinal  cord  and  the  analogous  portion  of  the  medulla  oblongata  (viz.  the  '  central 
grey  tube,'  so  called  because  the  substance  composing  it  lies  about  the  central 
canal  of  the  cord  and  its  continuation — the  calamus scrijitorius,  floor  of  the  fourth 
ventricle,  aqueduct  of  Sylvius,  and  third  ventricle)  ;  the  third  system  of  pro- 
jection, or  the  external,  is  constituted  by  the  peripheral  nerves.  The  second  is 
weaker  than  the  others ;  hence,  at  the  points  of  union  of  the  three  systems  there 
is  noticed  between  the  internal  and  middle  a  reduction,  and  between  the  middle 
and  external  again  an  increase,  in  the  number  of  fibres.  In  the  middle  system 
&  crossing,  probably  of  all  the  fibres,  takes  place,  i.e.  the  fibres  cross  the  middle 
plane  to  reach  the  opposite  side  of  the  body. 

This  schema,  as  might  be  expected,  does  not  hold  in  its  entirety ;  deviations 
from  it  are  observable  especially  in  the  case  of  the  anterior  cranial  nerves,  in 
which  there  appears  to  be  no  organ  corresponding  to  the  central  grey  tube,  and. 
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therefore,  no  middle  system  of  projection.^  Moreover,  the  fibres  ahove  men- 
tioned, which  pass  from  the  grey  matter  of  the  cortex  direct  to  the  central  grey 
matter,  would  ofier  an  example  of  deficiency  of  the  middle  system  of  projection. 

The  cerebellum  forms  a  centre,  laterally  situated,  which  communicates  with 
all  the  rest,  and  from  which,  also,  arise  nerve-fibres  of  the  external  system 
(portions  of  the  trigeminus  and  acoustic  nerve). 

The  annexed  diagram  serves  to  explain  the  three  systems  of  projection : 
B  is  the  grey  substance  of  the  cerebral  cortex,  g  the  ganglia  at  the  base  of  the 
brain,  h  is  the  central  grey  tube,  12  3  are  the  fibres  of  three  systems  of  pro- 
jection, a  are  associating  and  c  are  commissural  fibres.  The  dotted  fibres  re- 
present the  above-mentioned  deviations ;  for  example,  3«  represents  the  optic 
fibres,  and  \a  the  combining  fibres  of  Broadbent. 

The  combinations  of  the  ganglia  at  the  base  of  the  brain  one 
with  another  and  with  the  grey  substance  of  the  spinal  cord,  and 
with  its  cerebral  analogue,  are  the  most  difficult  to  determine, 
and  form  the  weakest  portion  of  the  anatomy  of  the  encephalon. 


Fig.  69. 


Where  the  spinal  cord  becomes  medulla  oblongata  the  central 
canal  of  the  former  makes  its  way  to  the  surface  posteriorly  in  the 
calamus  scriptorius,  and  forms  a  shallow  groove  in  the  floor  of  the 
fourth  ventricle.  The  grey  substance  surrounding  the  canal  at 
the  same  time  reaches  the  posterior  surface  and  lies  spread  out  on 
the  floor  of  the  groove,  the  anterior  cornua  being  external  to  the 
posterior.  More  superiorly  the  grey  substance  assumes  the  form 
of  scattered  grey  masses,  the  so-called  *  nuclei '  of  the  posterior 
cranial  nerves,  which  are  clearly  the  analogues  of  the  grey  sub- 
stance of  the  spinal  cord.  The  main  body  of  the  medulla  oblon- 
gata consists  of  white  columns,  the  continuations  of  the  white 
columns  of  the  cord,  which  run  in  part  to  the  ganglia  at  the  base 
of  the  brain,  viz.  to  the  corpora  quadrigemina  and  through  the 

1  Many  observers  believe  that,  in  the  nerves  of  special  sense,  the  peripheral  ffanElion- 
cells  are  the  organs  which  correspond  to  tlie  central  grey  tube,  considering,  for  example 
the  optic  fibres  as  the  middh  system  of  projection  and  the  radial  fibres  of  the  retina  as  the 
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crura  cerebri  to  the  thalami  optici,  corpora  striata,  and  lenticular 
nucleus,  and  in  part  to  the  cerebellum.  From  the  white  posterior 
columns  of  the  spinal  cord  those  fibres  contained  in  the  funiculi 
graciles  and  processus  cuneati  pass  through  the  crura  cerebelli  to 
the  cerebellum ;  the  rest  pass  through  the  external  bundles  of  the 
pyramids  and  the  crura  cerebri  into  the  cerebrum  (some,  as  was 
mentioned  above,  passing  directly  to  the  cortex  of  the  posterior 
portion) ;  and  a  small  number  of  fibres  run  directly  into  the  tri- 
geminal nerve,  which  thus  gets  a  spinal  root.  The  anterior  and 
lateral  columns  run  partly  through  the  pyramids  and  crm-a  cerebri 
to  the  corpora  striata  and  lenticular  nucleus  (and,  possibly,  in  part 
direct  to  the  cortex  of  the  cerebrum),  partly  to  the  corpora  quad- 
rigemina  and  through  the  tegmentum  to  the  optic  thalami,  and 
partly  through  the  corpora  restiformia  and  the  crura  cerebelli  to 
the  cerebellum.  The  cerebellar  hemispheres,  which,  according  to 
what  has  just  been  said,  communicate  with  all  the  white  columns 
of  the  cord  through  then-  peduncles,  are  in  addition  united  with 
the  poDs,  and  hence  with  each  other,  by  means  of  the  crura  cere- 
belli ad  pontem ;  and  also  to  the  cortex  of  the  cerebrum,  by  the 
crura  cerebelli  ad  corpora  quadrigemina,  which  do  not  really  com- 
municate with  the  grey  substance  of  the  corpora.  The  medulla 
oblongata  contains,  in  addition,  the  hemispherical  olivary  bodies, 
about  the  relations  of  which  little  is  certainly  known. 

The  following  statementa  embody  what  has  been  discovered  concerning  the 
origins  of  the  cranial  nerves  : — 

First  pair  {Olfactory).  The  olfactory  tracts  lying  at  the  base  of  the 
antei'ior  lobe  of  the  brain,  and  becoming  continuous  with  the  olfactory  bulbs, 
are  the  rudiments  of  the  olfactory  lobes  of  the  lower  animals — largely  deve- 
loped lobes  of  the  brain  analogous  in  structure  to  the  cerebral  hemispheres. 
Their  white  fibres  communicate  with  various  portions  of  the  cortex  of  the 
cerebrum,  and,  according  to  some,  with  the  corpora  striata  also.  From  the 
bulbs  arise  the  olfactory  nerves  proper,  which  perforate  the  cribri-form  plate. 

Second  pair  {Optic).  The  optic  tracts  arise  in  part  from  the  corpora  geni- 
culata  externa  and  from  the  thalami  optici,  and  in  part  from  the  corpora  genicu- 
lata  interna,  and  fi-om  the  anterior  corpora  quadrigemina.  Bending  round  the 
crura  cerebri,  they  then  form  the  optic  chiasma,  in  which,  according  to  some, 
one-half,  and  according  to  others,  aU,  the  fibres  of  each  tract  cross  over  to  the 
opposite  side. 

Third  pair  {Motores  ocvli)  and 

Fourth  pair  {Trochlear  ov  jiathetic)  arise  on  each  side  in  the  neighbourhood 
of  the  aqueduct  of  Sylvius,  from  a  grey  nucleus,  common  to  both,  which  com- 
municates with  the  above-mentioned  corpora  quadrigemina,  and  also  through 
the  crus  with  the  lenticular  nucleus.  Wliile  the  third  nerve,  piercing 
the  crus  to  its  under  surface,  emerges  close  to  the  pons,  the  fourth  passes 
upwards,  perforates  the  roof  of  the  aqueduct,  crossing  at  the  same  time  to  the 
opposite  side,  and  bends  roiuid  the  crus,  after  the  fashion  of  the  optic  tract,  to 
appear  on  the  surface  below. 

Fifth  pair  {Trigemiiutl).  The  fibres  of  this  nerve  have  very  various  origins. 
a.  On  a  level  with  the  pomt  of  exit  from  the  pons  is  the  so-called  *  trigeminal 
sensory  necleus,'  the  ganglionic  cells  of  which  are  small,  which  is  analogous  to 
the  posterior  cornu  of  the  grey  substance  of  the  cord ;  from  it  certain  of  the 
fibres  originate,    b.  The  ascending  root  is  derived  from  the  posterior  column  of 
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tlie  cord — and  from  a  portion  at  least  as  low  down  as  the  middle  of  the  neck — 
the  fibres  springing  from  the  grey  substance  of  the  posterior  cornu  and  running 
in  the  white  posterior  columns.  At  the  side  of  the  medulla  the  fibres  run  for 
some  distance  yery  superficially.  This  very  sensitive  part,  situated  close  behind 
the  processus  cuneatus,  and  sometimes  but  slightly  developed,  is  the  tuberculum 
Rolandi.  c.  Descending  roots,  viz.  (1)  from  the  large-ceUed  '  trigeminal  motor 
nucleus,'  in  the  neighbourhood  of  the  corpora  quadrigemina,  concerning  the 
further  connections  of  which  with  the  ganglia  of  the  brain  nothing  is  known ; 
(2)  from  a  collection  of  large  vesicidar  cells  (similar  to  the  cells  of  the  spinal 
ganglia)  at  the  side  of  the  aqueduct  of  Sylvius ;  (3)  from  the  locus  cjeruleus 
which  Ires  beneath  the  substantia  ferruginea  in  the  upper  part  of  the  floor  of  the 
fourth  ventiicle,  the  fibres  being  crossed,  d.  Fibres  fi-om  the  cerebellum, 
running  in  the  crura  cerebelli  ad  corpora  quadi'igemina. 

Sixth  pair  {Abducens),  The  fibres  of  this  nerve  arise  from  a  large-celled 
nucleus  at  the  bottom  of  the  groove  in  the  floor  of  the  fom-th  ventricle,  at  its 
anterior  part.  The  further  connections  of  this  nucleus,  which  supplies  fibres  to 
the  facial,  are  unknown. 

Seventh  pair  {Facial).  This  nerve  is  derived  from  a  nucleus  similar  to  the 
one  last  mentioned,  though  situated  somewhat  lower,  but  receives  a  number  of 
fibres  also  from  the  nucleus  of  the  sixth  nerve.  Another,  descending,  set  of 
fibres  come  from  the  lenticular  nucleus  of  the  opposite  side  of  the  body.  The 
connections  of  the  nucleus  of  this  nerve  are  unknown. 

Eighth  pair  {Auditory).  This  nerve  receives  fibres  chiefly  fi-om  three 
interdependent  nuclei,  which  lie  on  a  level  with  the  broadest  (middle)  portion 
of  the  floor  of  the  fom-th  ventricle  between  and  in  front  of  the  corpora  resti- 
formia.  Fibres  both  from  these  nuclei  and  fi'om  the  tiamk  of  the  auditory 
nerve  may  be  ti-aced  into  the  crura  cerebelli  and  into  the  cerebellum,  but  the 
other  relations  of  the  fibres  of  the  auditory  nerve  are  not  as  yet  Imown.  A 
portion  of  the  fibres  cross  between  the  nucleus  of  origin  and  their  place  of  exit. 

Ninth  pair  {Glosso-pharyngeaT)  and 

Tenth  paii"  {Par  vagum,  ^meumogastric  or  vagus)  arise  from  the  nuclei,  which 
are,  in  part,  common  to  both,  situated  in  the  lower  half  of  the  floor  of  the 
fourth  ventricle,  and  in  the  substance  of  the  medulla  oblongata  near  the  olivary 
bodies.  These  nuclei  supply  fibres  to  the  spinal  accessory  also.  Theii"  connec- 
tions are  not  known. 

Eleventh  pair  {Spinal  accessory).  In  addition  to  the  fibres  from  the  nuclei 
just  mentioned,  this  nerve  is  supplied  &om  an  elongated  nucleus  lying  along  the 
external  sm-face  of  the  anterior  cornu  and  reaching  as  far  down  as  the  fifth 
cervical  vertebra.  The  fibres  leave  this  nucleus  in  a  great  mmiber  of  roots 
which  lie  in  a  special  line  down  the  lateral  column  of  the  spinal  cord  between 
the  anterior  and  posterior  roots  of  the  cervical  spinal  nerves.  This  line  is  some- 
what spiral,  being  more  posterior  below. 

Twelfth  pair  {Hijpoglossal) .  The  fibres  of  this  nerve  arise,  for  the  most 
part,  from  two  large-ceUed  nuclei,  situated  deeply  in  the  substance  of  the 
medulla  oblongata,  on  a  level  with  the  lowest  portion  of  the  floor  of  the  fourth 
ventricle.  Some  of  the  fibres  appear  to  arise  higher  up  in  the  brain  without 
touching  the  nuclei.  Certain  observers  have  maintained  the  existence  also  of 
connections  with  the  olivary  bodies. 

The  statements  of  anatomists  are  too  incomplete  and  insecure 
for  the  establishment  of  any  theory  concerning  the  functions  of 
the  various  parts  of  the  brain.  Theories  have,  however,  been  set 
up  notwithstanding  the  deficiency  of  facts  at  our  disposal.  Such 
a  one,  for  example,  is  that  of  Meynert,  according  to  which  that 
division  of  the  crura  cerebri  which  is  known  as  the  hasia  or  pedun- 
culus  (in  the  limited  sense)  which  is  connected  with  the  lenticular 
nucleus  and  corpora  striata,  and  which  is  developed  in  the  various 
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members  of  the  animal  series  proportionately  to  the  cerebral 
hemispheres,  is  concerned  in  the  conscious  reception  of  sensations 
and  in  the  production  of  movements ;  while  that  portion  of  the 
crus  which  is  known  as  the  tegmentum,  and  which  communi- 
cates with  the  optic  thalami  and  the  corpora  quadrigemina  is 
concerned  in  the  reflection  of  impressions  from  the  optic  nerves 
into  the  motor  apparatus. 

Physiological  experiments  conducted  in  these  regions  are  most 
indefinite.  The  usual  plan  of  investigation,  viz.  that  of  applying 
stimuli  to  the  brain-substance,  leads  either  to  negative  results,  or, 
if  electrical  stimulation  is  used,  to  results  which,  owing  to  the  un- 
avoidable dispersal  of  the  currents  in  numerous  directions,  are  not 
sufficiently  localised  to  form  the  basis  for  trustworthy  conclusions. 
In  the  place  of  exact  observations  after  section  and  stimulation  of 
different  regions,  we  have  here  the  far  less  refined  method  of  ob- 
servation after  lesions — lesions  induced  in  the  most  delicate  and 
complicated  organ  of  the  body  by  means  so  absurdly  rough  that, 
as  Ludwig  lias  forcibly  put  it,  they  may  be  compared  to  injuries  to 
a  watch  by  means  of  a  pistol  shot.  The  results  obtained  in  this 
way  are  attributable  to  the  most  diverse  causes  ;  for,  apart  from 
the  fact  that  it  is  impossible  to  localise  the  lesion  itself,  the  results 
may  be  due  to  irritation  of  centres,  paralysis  of  centres,  stimula- 
tion of  conducting  apparatus,  or  paralysis  of  conducting  apparatus, 
without  our  being  able  to  say  to  which.  Hence  the  interpretation 
of  even  those  phenomena  which  are  constant  in  theu-  occurrence  is 
always  uncertain. 

The  third  and  best  method  of  investigation  which  is  possible  is 
the  observation  of  cases  of  disease  in  which  the  exact  nature  of  the 
lesions  is  accurately  ascertained  after  death. 

The  facts  which  may  be  considered  in  some  degree  established 
are  the  following : — 

A.  Medulla  Oblongata. 

In  the  medulla  oblongata  essentially  the  same  arrangement  of 
parts  is  noticed  as  in  the  spinal  cord.  The  grey  substance,  the 
connections  of  which  with  that  of  the  spinal  cord,  and  with  the 
cranial  nerves  from  the  sixth  (abducens)  downwards,  have  already 
been  described,  is,  without  doubt,  the  seat  of  manifold  reflex  pro- 
cesses in  which  those  nerves  are  implicated,  and  of  a  number  of 
motor  impulses,  some  of  which  (if  not  all,  as  some  think)  are  to  be 
regarded  as  reflex  in  their  nature,  others  as  automatic.  The  func- 
tions in  which  the  medulla  is  concerned  are  of  such  importance  to 
the  whole  organism  that  injuries  of  this  portion  of  the  encephalon 
are  more  dangerous  to  life  than  those  of  any  other  region  of  brain 
or  spinal  cord. 

1.  The  Centre  for  the  Involuntary  Movements  of  Respiration, 
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and  for  the  Convulsions  of  Dyspnoea. — Lesion  of  a  limited  region 
of  the  floor  of  the  fourth  ventricle  at  the  apex  of  the  calamus 
scriptorius  causes  sudden  cessation  of  respiration,  and  instant  death 
to  warm-blooded  animals.  This  region  is  called  le  noeud  vital,  or 
point  vital  (Flourens  It  extends  on  both  sides  of  the  middle 
line;  and,  if  the  lesion  affect  one  side  only,  the  respiratory- 
symptoms  ajffect  the  corresponding  side  of  the  body  alone. 

According  to  more  recent  statements  (Gierke  the  structure,  injury  to 
which  aholishes  respiration,  does  not  consist  of  a  mass  of  ganglia,  but  of  two 
bundles  of  fine  nerve-fibres,  which  spring  in  part  from  the  vagus-fibres  entering 
them,  and  in  part  from  the  nuclei  of  the  vagus  and  trigeminus,  and  which  run 
towards  the  spinal  cord,  whence  the  proper  respiratory  nerves  arise.  WTiile 
extirpation  of  the  individual  nuclei  is  not  alone  sufiicient  to  cause  respiration  to 
cease,  destruction  of  this,  partly  intercentral  and  partly,  even,  merely  centri- 
petal, combination  between  vagus,  ti'igeminus,  and  spinal  origin  of  respiratory 
motor  nerves,  produces  paralysis  of  respiration.  The  view  that  this  nervous 
union  constitutes  essentially  the  '  respiratory  centre '  seems,  however,  inad- 
missible, for  the  rhythmical  character  of  the  excitation  can  scarcely  originate 
otherwise  than  in  some  ganglionic  apparatus.  It  is  quite  possible  that  this 
ganglionic  apparatus  is  situated  in  the  spinal  cord  itself,  if,  as  stated,  animals 
poisoned  by  strychnia  still  breathe  after  section  of  the  cord  in  the  cervical 
region.    (P.  Eokitansky.) 

It  is  not  yet  established  whether  this  centre  liberates  the 
rhythmical  movements  of  respiration  automatically,  or  whether  its 
activity  is  dependent  upon  the  excitation  of  centripetal  nerves,  and 
is,  therefore,  reflex  in  its  nature  (compare  p.  202).  The  respiratory 
centre  is  the  only  centre  concerning  which  the  conditions  of  the 
automatism  (or  the  reflex  powers)  are  at  aU  fully  understood.  Its 
activity  requires: — 1.  The  presence  of  oxygenated  blood,  without 
which  irritability  disappears.  2.  A  certain  relationship  among- 
the  gases  of  the  blood,  which  relationship  acts  as  a  stimulus ;  the 
smaller  the  amount  of  oxygen,  and  the  larger  the  amount  of  car- 
bonic acid,  present  in  the  blood,  the  more  intense  becomes  the 
activity  of  the  centre,  and  the  greater  the  number  of  muscles 
which  are  brought  into  play  (DyspncBa)  ;  if  the  amount  of  carbonic 
acid  present  sinks  below  a  certain  point,  the  activity  ceases  alto- 
gether (Apnoea).  More  exactly  speaking,  the  respiratory  centre, 
consists  of  two  centres,  the  rhythmical  activities  of  which,  although 
apparently  independent  as  to  strength,  alternate  as  to  the  time  of 
their  phases,  viz.  one  being  connected  with  the  inspiratory  and  the 
other  with  the  expiratory  muscles.  Each  supplies  a  definite  group 
of  muscles,  the  members  of  which,  however,  are  not  all  equally  im- 
plicated in  movement,  more  or  fewer  being  rendered  active  accord- 
ing to  the  strength  of  the  exciting  cause,  which  varies  in  proportion 
as  reflex  processes  are  extended  in  the  spinal  cord.  Moreover, 
these  centres  possess  accelerating  and  inhibitory  nerves,  in  the 

1  Flourens,  '  Kecherches  sur  le  systfeme  nerveux.'  Comptes  Rendus,  1847,  1851,  1858 
1869j  1862.  * 

2  Gierke, '  Die  Theile  der  Medulla  oblongnta,  deren  Vcrlctzung  die  Athembeweeunircn 
licmmt,  und  das  Athemcentrum.'   PllUger's  Archiv,  vol.  vii.  p.  583. 
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sense  in  which  the  terms  were  explained  on  p.  474.  Stimulation 
of  those  nerves,  whose  course  has  already  been  given  (p.  201),  does 
not  seem  in  general  to  increase  or  diminish  the  activity  of  the 
centre,  but  merely  to  modify  the  distribution  of  the  activity  in 
time.  The  fibres  which  produce  on  irritation  slowing  of  the  move- 
ments of  inspiration  cause  at  the  same  time  quickening  of  those  of 
■expiration,  and  vice  versa. 

The  rliytlim.  of  respiration  may  be  best  illustrated  by  the  example  already 
given  of  gas  conducted  through  a  tube  under  water,  only,  in  this  case,  the  gas 
must  be  supposed  to  be  led  through  a  foi-ked  tube,  the  limbs  of  which  dip  into 
different  fluids.  One  of  these  fluids — that  representing  the  normal  resistance  to 
inspiration — must  be  supposed  to  be  considerably  less  cohesive  than  the  other, 
representing  that  of  expiration.  Irritation  of  the  vagus  corresponds  to  diminu- 
tion, and  irritation  of  the  superior  laryngeal  nerve  to  increase,  in  the  cohesive- 
ness  of  the  first  fluid.  Dyspnoea  corresponds  to  increase  of  the  pressure  under 
which  the  gas  is  forced  through  the  tube.  The  bubbles  which  stream  up  through 
the  first  fluid  represent  the  nervous  impulses  transmitted  to  the  inspiratory  appa- 
ratus ;  those  which  ascend  through  the  second  correspond  to  the  impulses  trans- 
mitted to  the  expiratory  mechanism.  The  iUustration  shows  at  the  same  time 
that,  for  simple  reasons,  in  the  case  when  bubbles  rise  in  both  tubes  {i.e.  when 
inspiration  and  expiration  are  both  active),  they  ascend  alternately,  first  in  the 
one  and  then  in  the  other. 

The  increase  in  the  frequency  of  respiration  under  increased 
temperature  may  be  produced  by  raising  the  temperature  of  the 
brain  alone,  which  may  be  accomplished  by  placing  the  carotids  in 
heated  tubes  (Fick  and  Goldstein).  It  is  therefore  considered  to 
be  dependent  upon  changes  occurring  in  the  respiratory  centre. 
At  high  temperatures  artificial  respiration  does  not  produce  apnoea 
(Ackermann). 

If  excitation  of  the  respiratory  centre  reaches  an  abnormal 
strength,  other  muscles  besides  the  normal  and  accessory  muscles 
of  respiration  are  brought  into  play,  viz.  in  the  first  place,  the 
muscles  of  the  jaws,  as  in  gasping,  and  finally  almost  all  the 
muscles  of  the  body,  as  in  the  general  epileptiform  convulsions 
attendant  upon  suffocation.  This  is  clearly  a  mere  case  of  exten- 
sion of  the  condition  of  excitation  throughout  the  grey  substance 
of  the  medulla,  and  perhaps  also  of  the  cord ;  and,  as  a  fact,  other 
nervous  centres  in  the  medulla  are  implicated,  as  the  centre  for 
the  dilatation  of  the  pupils,  the  vaso-motor  centre,  and  the  cardio- 
inhibitory  centre.  Some  observers  explain  the  phenomenon  by 
assuming  the  existence  of  a  special  'convulsion-centre'  in  the 
medulla. 

These  convulsions  occur  not  only  when  the  interchange  of  the 
gases  of  the  blood  is  prevented,  but  also  when  the  blood,  or  the 
substance  of  the  brain,  is  deprived  of  oxygen  or  is  saturated  with 
carbonic  acid,  as,  for  example,  when  the  blood  in  the  blood  vessels 
of  the  brain  stagnates  in  consequence  of  ligature  of  all  tlie  afferent 
arteries,  or  when  excessive  bleeding  has  occurred.  These  observa- 
tions (Kussmaul  and  Tenner)  have  led  to  the  designation  of  '  con- 
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vulsions  of  angemia,'  a  term  which  is  now  no  longer  admissible 
since  the  true  nature  of  the  process  is  understood  (Eosenthal),  and 
since  it  has  been  found  possible  to  produce  the  same  convulsions 
by  causing  venous  blood  to  stagnate  in  the  vessels  (Hermann  and 
Escher). 

According  to  researches,  in  wliicli  the  mediilla  was  directly  stimulated,  the 
ahove-mentioned  convulsions  occur  on  irritation  of  a  region  which  (in  rabbits) 
is  bounded  above  by  the  corpora  quadrigemina,  below  by  the  alae  ciuerese, 
externally  by  the  locus  cseruleus,  and  acoustic  tubercle,  and  internally  by  the 
eminentise  teretes.  This  region,  which  is  stimulated  to  activity  by  the  presence 
of  asphyxial  blood,  is  not  supposed  to  be  the  real  '  convulsion-centre,'  but  merely 
a  point  from  which  radiate  impulses  to  movement,  which  are  derived  from  a 
reflex  convulsion-centre  situated  in  the  pons  (Nothnagel).  The  action  of  certain 
poisons  which  induce  clonic  spasms — especially  picrotoxin,  nicotin,  barium 
salts,  &c. — has  lately  been  referred  to  a  stimulation  of  this  centre  (Rober, 
Heubel,  Bohm). 

2.  The  Centre  for  the  Regulation  of  the  Hearths  Action. — The 
centre  whence  the  inhibitory  vagus-fibres  for  the  heart  receive 
their  stimulation  (which,  as  was  explained  on  p.  110,  is  possibly 
rhjrthmical  in  its  nature)  lies  somewhere  in  the  medulla  oblongata, 
but  its  precise  situation  is  not  yet  known.  In  warm-blooded 
animals  the  centre  is  constantly  active,  not,  however,  as  has 
hitherto  been  assumed,  automatically,  but  as  a  consequence  of  reflex 
stimulations  ;  for  section  of  certain  centripetal  nerves  releases  the 
'  tonus '  of  the  vagus  (p.  1 1 0),  and,  according  to  Groltz  and  Bernstein, 
irritation  of  them  increases  its  inhibiting  powers.  It  has  not  yet 
been  determined  whether  the  accelerating  nerves  of  the  heart  also, 
which  will  be  described  when  the  sympathetic  system  is  treated 
of,  have  their  centre  in  the  medulla  oblongata. 

3.  The  Vaso-Motor  Centre. — The  general  vaso-motor  centre  lies 
certainly  higher  than  the  commencement  of  the  cord,  for  section 
of  the  cord  in  the  cervical  region  paralyses  all  the  arteries  of  the 
body  (Ludwig  and  Thiry,  p.  113).    It  extends  in  rabbits  from 
about  3°"°  above  the  calamus  scriptorius  to  the  upper  portion  of 
the  floor  of  the  fourth  ventricle,  but  its  upper  boundary  cannot 
exactly  be  determined;  and  is  situated  bilaterally,  at  some  dis- 
tance from  the  middle  line,  in  that  portion  of  the  medulla  which 
contains  the  continuation  of  the  lateral  spinal  columns,  in  which, 
as  has  been  already  stated,  the  vaso-motor  and  pressor  fibres  run. 
It  contains  some  large  multipolar  ganglion-cells  (Owsjannikow, 
Dittmar).    It  is  constantly  in  action,  and  its  activity  is  either 
automatic  or,  perhaps,  merely  reflex.    The  facts  in  connection 
with  this  activity  and  the  influence  exerted  upon  it  by  the  gases 
of  the  blood  and  by  the  regulating  nerves  have  been  already  stated 
(pp.  114  and  115).    The  fibres  proceeding  fro  n  the  centre  pass 
into  the  cord,  andj  after  having  probably  been  first  interrupted  by 
the  grey  sublstance  in  the  manner  indicated  in  the  section  on  arte- 
rial tonus,  leave  it  again,  set  by  set,  in  order  to  be  distributed  to 
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the  arteries,  for  the  most  part  along  with  fibres  from  the  sympa- 
thetic system.  Hence,  section  of  the  spinal  cord  causes  dilatation 
of  all  the  arteries  in  the  regions  below  the  point  of  section,  while 
its  irritation  produces  the  opposite  condition  of  contraction  (Lud- 
wig  and  Thiry),  the  former  diminishing  and  the  latter  increasing 
the  blood-pressure  and  temperature  of  the  organism,  and  acting  on 
the  heart  in  a  corresponding  manner. 

Irritation  of  the  crura  cerebri  causes  coutraction  of  all  arteiies  (Budge). 
This  circumstance  does  not  disprove  the  former  statement  that  the  proper  vaso- 
motor centre  lies  in  the  medulla  ;  it  merely  shows  that  the  cerebrum  can  exert 
some  inQuence  upon  that  centre —blushing  and  growing  pale,  due  to  psychical 
causes  (Badge)  ;  the  reader  should  refer  also  to  the  effects  of  removal  of  the 
cerebrum  upon  the  action  of  sensory  nerves  (p.  115). 

4.  The  Centre  for  the  Dilatation  of  the  Pupils.,  and  for  the 
Movements  of  the  other  Smooth  Muscles  of  the  Eye. — The  exact 
position  of  the  centre  which  gives  off  fibres  to  the  oculo-spinal 
region  of  the  spinal  cord  is  not  known.  The  centre  itself,  wherever 
it  be,  is  constantly  active,  and,  possibly,  owing  to  reflex  stimula- 
tion. It  is  under  similar  influences  to  the  respiratory  and  vaso- 
motor centres,  dyspnoea,  for  example,  being  accompanied  by 
dilatation  of  the  pupils  whilst  the  optic  vessels  become  pale. 

5.  The  Centre  for  the  Movements  of  Deglutition. — The  proof 
that  this  centre  is  situated  in  the  medulla  oblongata  chiefly  rests 
upon  the  occurrence  of  convulsive  movements  of  swallowing  when 
that  portion  of  the  nervous  system  is  under  stimulation,  and  upon 
the  anatomical  fact  that  the  nerves  concerned  in  the  act  are 
derived  from  the  medulla.  The  exact  situation  of  the  centre  is 
not  yet  determined.  The  centre  is  only  called  into  activity  by 
reflex  stimulations,  and  must  therefore  be  put  into  the  same  cate- 
gory with  the  numerous  apparatuses  in  the  spinal  cord  for  orderly 
reflex  actions. 

6.  The  Centre  for  the  Movements  of  Mastication. — The  proofs 
of  the  existence  of  this  centre  in  the  medulla  are  similar  to  those 
referred  to  in  the  case  of  the  last-mentioned  centre,  viz.  the  occur- 
rence of  trismus  or  cramps  of  the  masticatory  muscles  under  similar 
circumstances  to  those  mentioned  above.  The  centre  resembles 
the  spinal  apparatuses  for  orderly  reflex  actions  which  are  also 
employed  in  regular  voluntary  movements. 

7.  The  Diabetic  Centre. — Lesions  of  a  portion  of  the  floor  of 
the  fourth  ventricle  near  the  middle  line,  and  extending  from  a 
little  above  the  calamus  scriptorius  to  the  broadest  part  of  the 
groove,  cause  transitory  diabetes  (p.  220),  or  sometimes  merely 
increased  secretion  of  urine— diabetes  insipidus  (Bernard).  The 
supposition  Which  was  formerly  held  that  this  was  due  to  irritation 
(or,  according  to  others,  to  paralysis)  of  a  centre  for  the  nerves 
regulating  the  formation  of  sugar  in  the  liver,  and  which  was  con- 
nected with  the  vagus,  is  rendered  doubtful  in  consequence  of  the 
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altered  views  of  physiologists  concerning  the  processes  occurring 
in  the  liver  (p.  218).  Many  suppose,  as  is  elsewhere  recorded, 
that  it  is  due  to  injuries  inflicted  upon  the  vaso-motor  centre 
in  this  region  of  such  a  nature  as  to  cause  dilatation  of  the  vessels 
of  the  liver,  kidneys,  &c. 

The  other  functions  of  the  medulla  oblongata  are  not  well 
understood,  with  the  exception  of  'those  concerned  in  the  reflex 
actions  already  mentioned,  in  which  the  lower  cranial  nerves  play 
a  part,  as,  for  example,  in  the  reflex  operations  in  the  production 
of  saliva  (p.  131).  The  use  of  the  olivary  bodies  is  entirely  enig- 
matical. The  crossing  of  the  fibrous  tracts  in  the  medulla,  as  well 
as  certain  kinds  of  involuntary  movements  which  follow  injuries  to 
it,  will  be  discussed  below. 

Many  of  the  above-named  centres  in  the  medulla  oblongata 
are  functionally  associated  together,  as  may  be  gathered  from  the 
coincidence  of  their  rhythmical  activity.  Thus  at  the  commence- 
ment of  each  expiration  a  slowing  of  the  pulse  commences,  which 
depends  upon  a  vagus-excitation  which  coincides  with  the  end  of 
inspiration,  and  the  effect  of  which  is  somewhat  delayed  by  the 
latent  period  (Bonders,  Pfliiger)  ;  further  a  periodicity  is  noticed 
in  the  vascular  spasm  of  dyspnoea  which  is  synchronous  with 
respiration.  Finally  dyspnoeic  stimulation  acts  on  many  of  the 
centres  of  the  medulla  oblongata,  producing  by  varied  actions 
dyspnoea,  muscular  spasms,  vascular  spasm,  dilatation  of  pupils, 
slowing  of  the  pulse,  secretion  of  saliva,  &Ci, 

This  survey  of  the  functions  of  the  medulla  oblongata  shows  that 
in  addition  to  '  reflexes  in  one  plane,'  of  which  it  is  the  seat  (analo- 
gous to  those  which  occur  in  the  spinal  cord),  numerous  additional 
acts  of  a  higher  order  here  take  place,  which  exert  an  influence  upon 
the  spinal  cord.  In  discussing  the  spinal  cord  it  has  already  been 
mentioned  that  reflexes  between  difterent  spinal  levels  chiefly 
occur  through  the  intermediation  of  the  spinal  cord.  Eecent 
researches  have  shown  that  even  the  vaso-motor  centre  represents 
nothing  but  an  association  of  spinal  centres.  The  same  holds  true 
in  the  case  of  the  centre  which  presides  over  spasms,  as  even  the 
separated  spinal  cord  is  capable  of  dyspnoeic  and  toxic  spasms  ;  the 
same  is  actually  held  in  reference  to  the  respiratory  centre. 

The  function  of  the  olivary  bodies  is  altogether  doubtful.  Con- 
cerning the  decussation  of  fibres  in  the  medulla  oblongata,  as  well 
as  for  a  discussion  of  the  '  compulsory  movements '  which  occur  / 
when  these  are  injured,  see  below. 


B.  Ganglia  at  the  Base  of  the  Brain,  and  White  Substance 

of  the  Brain. 

The  region  between  the  medulla  oblongata  and  the  surface  of 
the  cerebral  hemispheres  contains  a  number  of  extensive  grey. 
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masses — the  ganglia  already  enumerated — and  a  highly  compli- 
cated system  of  white  fibres,  the  general  distribution  of  which  has 
also  been  given. 

In  the  lower  vertebrates,  e.g.  in  frogs,  it  may  be  shown  that, 
after  the  power  of  conscious  action  has  been  abolished  by  removal 
of  the  cerebral  hemispheres,  the  possibility  of  a  number  of  compli- 
cated movements  still  remains,  but  that  these  cease  when  the  other 
parts  of  the  enoephalon  situated  above  the  medulla  are  removed. 
The  animals  experimented  upon  are,  more  particularly,  enabled  to 
maintain  their  equilibrium  under  varying  conditions,  and  (for  ex- 
ample) to  prevent  themselves,  by  properly  adapted  movements, 
from  slipping  down  a  plane  the  inclination  of  which  to  the  hori- 
zontal is  gradually  increased  (Groltz).  Moreover,  in  these  regions, 
in  frogs  chiefly  in  the  optic  lobes  which  correspond  to  the  corpora 
quadrigemina  and  thalami  optici,  are  situated  the  arrangements 
whereby  the  reflex  powers  of  the  spinal  cord  are  inhibited 
(Setschenow).  The  ganglia  at  the  base  of  the  brain  are  not  only 
in  communication  with  the  grey  substance  of  the  cord  and  me- 
dulla, and,  through  these,  with  almost  all  the  peripheral  organs  of 
the  body,  but  are  also  connected  with  the  nerves  of  the  higher 
senses,  whereby  they  are  concerned  in  much  more  manifold  and 
complicated  centripetal  excitations  than  are  the  simpler  reflex 
apparatuses  of  the  cord  ;  hence  it  would  seem  that  they  are  the 
seat  of  reflex  operations  and  co-ordinations  of  correspondingly 
greater  complexity  ;  for  the  complexity  of  the  efferent  or  centri- 
fugal impulses  to  activity  must  increase  with  the  number  of 
afferent  or  centripetal  stimulations.  The  importance  of  this 
region  is  apparently  still  further  increased  by  the  fact  that,  besides 
j)0ssessing  the  means  of  bringing  about  excitations  in  the  sub- 
ordinate groups  of  centra  which  it  contains,  it  has  the  power  of 
inhibiting  reflex  action.  The  above-mentioned  power  of  adjusting 
equilibrium  is  probably  but  one  slight  indication  of  the  functional 
powers  possessed  by  these  organs.  The  participation  of  the  higher 
nerves  of  sense  in  those  powers  will  be  understood  when  it  is 
remembered  that,  in  the  first  place,  the  objects  in  the  field  of 
vision,  as  well  as  the  muscular  sense  of  the  muscles  of  the  eye, 
influence  powerfully  our  movements  ;  and  that,  in  the  second, 
the  auditory  nerve  is  most  probably  connected  with  peripheral 
apparatuses  which  serve  to  explain  the  position  of  the  head ;  and 
to  these  circumstances  may  be  added  the  centripetal  impressions 
fi-om  the  whole  skin,  and  from  the  muscles,  the  influence  of  which 
upon  the  posture  of  the  body  has  already  been  stated. 

With  the  above  properties  of  the  portions  of  the  brain  now 
being  considered  must  probably  be  connected  the  circumstance  that 
unilateral  lesions  affecting  them  give  rise  to  extremely  abnormal 
movements,  ^uncontrollable  movements.'  The  chief  forms  of 
these  abnormal  movements  are  :  (1 )  movement  forwards  at  the 


UNCONTROLLABLE  MOVEMENTS.    VERTIGO.  601 


periphery  of  a  circle — like  that  of  a  horse  galloping  round  a  ring; 
(2)  rotation  about  the  longitudinal  axis  of  the  body — rolling  or 
waltzing  movements;  (3)  movement  of  the  anterior  portion  of 
the  body  about  tlie  fixed  posterior  portion.  They  follow  injuries 
to  tbe  corpora  striata,  optic  tbalami,  crura  cerebri,  pons  Varolii, 
and  certain  portions  of  the  medulla  oblongata  and  cerebellum. 
More  exact  statements  as  to  the  form  and  direction  of  the  move- 
ments cannot  with  certainty  be  given.  Their  direction  changes, 
in  consequence  of  the  crossing  of  fibres,  according  as  the  plane  of 
the  section  is  more  anterior  or  posterior.  The  older  explanation 
which  assumed  the  existence  of  centres  for  the  production  of  move- 
ment in  a  certain  direction  which  were  stimulated  by  these  in- 
jm-ies,  is  inadmissible,  because  the  movements  frequently  occur 
merely  as  abnormal  expressions  of  an  intentional  movement,  such 
as  of  flight.  Moreover,  lesion  of  white  fibres,  as  of  the  crura,  is 
suflScient  to  produce  them,  and  they  have  been  sometimes  observed 
to  follow  injuries  to  the  cortical  portion  of  the  cerebrum.  Mere 
paralysis  of  individual  groups  of  muscles — for  instance,  in  the 
case  of  the  first  class  of  abnormal  movements  previously  referred 
to,  of  the  muscles  of  thfr  side  of  the  body  turned  towards  the 
imaginary  centre  of  the  circle  of  movement — is  also  insufficient  to 
explain  the  phenomena,  for  this  paralysis  frequently  does  not 
exist. 

The  resemblance  between  uncontrollable  movements  and  those 
occasioned  by  rapid  passive  rotation  points  to  the  former  being 
due  to  the  action  of  sensations  of  vertigo,  i.e.  they  depend  upon 
delusions  on  the  part  of  the  animal  as  to  its  moving  in  a  particular 
direction,  or  as  to  the  movements  of  the  surroundings;  these  delu- 
sions which  arise  through  lesions  in  the  organs  which  are  con- 
cerned in  the  perception  of  movements  being  answered  by  reactive 
movements.  Even  in  the  absence  of  consciousness,  these  reactions 
occur  purely  as  reflexes.  This  explanation  would  postulate  the 
existence  of  definite  organs  situated  in  the  parts  of  the  brain  re- 
ferred to,  concerned  in  loco-motor  sensations,  and  would  ascribe 
the  reactive  movements  to  these  organs — a  conclusion  which  agrees 
with  inferences  from  other  previously-mentioned  facts.. 

As  the  determination  of  the  position  of  the  body  in  space 
occurs  especially  through  the  association  of  the  objects  seen  with 
the  appreciation  of  the  position  of  the  eyes  and  head,  there  are 
associated  with  the  phenomena  of  vertigo  abnormal  positions  of 
the  head  and  eyes ;  in  cases  of  '  uncontrollable  movements,'  due  to 
injuries  of  the  brain,  the  position  of  the  head  is  generally  abnormal. 
On  passive  rotation  of  a  man  or  of  animals  the  eye-balls  always  lag 
behind,  and  turn,  in  a  spasmodic  manner  ('nystagmus');  this 
movement,  which  continues  afterwards  for  some  time,  leads,  when 
the  surrounding  objects  are  still,  to  the  impression  of  a  rotation  i-n 
the  opposite  direction  (which,  however,  even  occurs  when  the  eyes 
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are  closed).  A  peculiar  vertiginous  phenomenon  occurs  on  passing 
a  galvanic  current  through  the  head  (Purkiuje  being  most 
violent  when  the  electrodes  are  placed  on  the  mastoid  processes 
(Hitzig  2).  The  objects  surrounding  the  patient  appear,  when  the 
current  passes  from  left  to  right,  to  turn  in  the  direction  of  the 
hands  of  a  clock;  but,  on  breaking  the  current,  in  the  opposite 
direction ;  thence  occurs  a  corresponding '  nystagmus '  and  a  reactive 
movement  of  the  body,  which,  when  the  current  is  intense,  may 
become  an  uncontrollable  (' waltzing ')' movement ;  the  apparent" 
movement  of  surrounding  objects  appears  to  be  the  consequence  of 
the  nystagmus.  Galvanic  vertigo  probably  depends  upon  the 
action  of  the  current  upon  the  mid-brain.  The  recently-investi- 
gated explanation  that  the  vertigo  is  due  to  an  action"  upon  the 
assumed  organs  in  the  labyrinth,  is  disproved  by  the  fact  that 
galvanic  uncontrollable  movements  may  occur  even  after  section 
of  both  auditory  nerves  (Tomaszewicz). 

Our  knowledge  of  the  special  functions  of  individual  ganglia 
is  most   incomplete.    The  corpora  quadrigemina,  which  com- 
municate on  the  one  side  with  the  optic  nerve  and  on  the  other 
with  the  nucleus  of  the  motor  oculi,  may  be  shown,  both  anatomi- 
cally and  experimentally,  to  form  an  important  reflex  centre 
between  the  retina  and  the  internal  and  external  muscles  of  the 
eye.    After  destruction  of  these  organs,  reflex  contraction  of  the 
pupils  ceases  ;  irritation  of  them  produces  contraction  of  the  pupil 
of  the  opposite  side,  or,  according  to  others,  of  both  sides  (Flourens, 
Longet,  Budge).    According  to  more  recent  statements  (Knoll), 
the  above  results  are  said  to  occur  only  when  the  optic  tract  is 
implicated,  in  which  case  the  corpora  quadrigemina  would  not  be 
a  centre  for  the  reflex  contraction  of  the  iris.    On  the  contrarv, 
stimulation  of  the  anterior  corpus  quadrigeminum  is  asserted  to 
cavise  dilatation  of  the  pupil  of  the  same  side,  as  long  as  the  cer- 
vical sympathetic  cord  remains  intact,  and  therefore  to  stimulate 
the  centrum  ciliospinale.   Stimulation  of  the  anterior  corpus  quad- 
rigeminum also  causes  rotation  of  both  eyeballs  towards  the  opposite 
side  (Adamiik). 

The  thalami  optici,  which  also  commimicate  with  the  optic 
nerve,  do  not  admit  of  experimental  investigation  without  the  most 
extensive  injury  of  other  parts  of  the  brain.  As  lesions  of  the  optic 
thalami  produce  the  peculiar  movements  above  referred  to,  it  is 
supposed  to  be  through  them  that  the  eye  influences  coordinated 
movements.  Pigeons  whose  cerebra  have  been  extirpated  without 
injury  to  the  thalami  optici  follow  by  movement  of  the  head  the 
direction  of  a  light  which  is  carried  round  them  in  a  circle  (Longet). 
The  intimate  connection  of  the  optic  thalami  with  the  cortex  of 
the  cerebrum  indicate,  in  addition,  functions  concerned  in  the 
conscious  perception  of  visual  impressions. 

^  Purkinje,  RmVs  Magazine,  1827.         *  Hitzig,  Untersuchungen  iiber  das  Gehirn. 
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Scarcely  any  facts,  save  those  of  an  anatomical  nature,  are 
known  respecting  the  corpora  striata  and  lenticular  nucleus. 
These  organs,  which,  like  the  fibres  of  the  crura  proceeding  to 
them,  have  a  proportionate  development  to  the  cerebrum  in  the 
various  classes  of  animals,  probably  take  a  part  in  the  production 
of  conscious  sensations  and  movements,  which  is,  however,  quite 
unknown.  Lesions  of  the  lenticular  nucleus  invariably  cause 
hemiplegia.  A  species  of  spasmodic  attempt  at  flight  has  been 
recently  noticed  to  follow  injuries  to  the  corpora  striata  (Noth- 
nagel). 

Nothing  whatever  has  been  discovered  with  regard  to  the  phy- 
siological position  and  function  of  the  numerous  grey  tracts  of  the 
pons  Varolii.^ 

In  the  mass  of  white  substance  extending  between  the  ganglia 
at  the  base  of  the  brain  and  the  central  grey  substance  an  appa- 
rently complete  crossing  of  the  fibres  from  one  side  to  the  other 
takes  place.  The  physiological  proof  of  this  lies  in  the  circum- 
stance that  pathological  changes  and  injuries  situated  in  one  of 
the  cerebral  hemispheres  are  followed  by  anaesthesia,  or  paralysis 
of  voluntary  motion  only  in  portions  of  the  opposite  side  of  the 
body.  Not  until  the  lesion  has  afi'ected — by  pressure,  &c. — the 
cranial  nerves  situated  at  the  base  of  the  brain,  do  symptoms 
manifest  themselves  in  portions  of  the  head  situated  on  the  same 
side  as  that  of  the  seat  of  injury.  As  to  the  exact  situation  where 
the  crossing  takes  place,  the  discoveries  of  anatomists  and  phy- 
siologists do  not  quite  agree.  For  example,  while  dissection  shows 
an  intercrossing  of  fibres  of  the  white  columns  in  the  anterior 
white  commissure  of  the  cord,  unilateral  sections  of  those  columns 
are  only  followed  by  paralysis  of  the  same  side  (Volkmann,  von 
Bezold).  The  crossed  commissural  fibres  are,  therefore,  possibly 
merely  co-ordinative  in  function,  like  those  marked  4  in  fig.  68. 
Fibres  cross  over  from  one  side  to  the  other  in  various  situations 
of  the  spinal  cord  :  firstly,  between  the  pyramids,  where,  to  judge 
from  the  connection  with  the  columns  of  the  spinal  cord,  both 
motor  and  sensory  fibres  are  concerned  in  the  crossing,  the  former, 
however,  passing  over  at  a  lower  point;  secondly,  in  the  white 
raphe  or  white  lamina  occupying  the  mesial  plane  of  the  medulla, 
where  occurs,  especially,  the  crossing  of  the  connecting  columns 
between  the  grey  nuclei  of  the  cranial  nerves  and  the  cerebellum, 
as  well  as  of  the  fibres  running  from  the  nuclei  to  the  peduncles 
of  the  brain ;  and,  thirdly,  in  the  pons  Varolii,  about  the  crossing 
of  the  fibres  of  which  but  little  is  known.  The  crossing  is  com- 
pleted in  the  peduncles  of  the  brain. 

The  olfactory,  optic,  and  trochlear  nerves  form  very  remark- 
able exceptions  to  the  general  rule  of  the  intercrossing  of  nerves. 

'  It  may  be  here  mentioned  that  nothing  is  known  of  the  physiological  significance  of 
the  pituitary  body  and  pineal  gland. 
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The  olfactory  fibres  are  entirely  unilateral.  The  optic  fibres  cross 
outside  the  brain  in  the  chiasma.  According  to  some  the  cross- 
ing is  only  partial,  extending  to  half  the  number  of  fibres  ;  but  it 
has  recently  been  stated,  in  support  of  the  view  of  the  entire  cross- 
ing, that  section  of  the  optic  nerve  causes  dilatation  of  the  pupil 
of  the  same  side,  while  section  of  the  optic  tract  causes  dilatation 
of  that  of  the  opposite  side  (Knoll).  The  same  author  also  states 
that  section  of  the  optic  nerve  completely  releases  the  tonus  of  the 
sphincter  iridis,  so  that  section  of  the  motor  oculi  nerve  no  longer 
causes  dilatation  of  the  pupil ;  and  that,  therefore,  the  tonus  of 
the  sphincter  muscle  must  be  regarded  as  of  reflex  origin.  The 
trochlear  nerve  crosses  the  middle  line  after  its  exit  from  its 
nucleus,  as  well  as  while  within  the  substance  of  the  brain  ;  if  the 
crossing  of  the  fibres  within  the  brain  is  complete,  the  twofold 
crossing  will  of  course  constitute  the  nerve  practically  iinilateral. 
The  physiological  and  pathological  facts,  which  might  serve  to 
throw  light  upon  this  point,  are  still  wanting. 

C.  Cerebellum. 

The  cerebellum  was  formerly,  but  on  insufficient  grounds, 
thought  to  be  the  seat  of  certain  psychical  functions,  as  of  the 
sexual  instinct  (Grail)  and  certain  other  voluntary  acts.  Patho- 
logical facts  and  the  results  of  extirpation  seem  to  indicate  that  it 
rather  resembles  the  above-described  organs  in  containing  a  great 
co-ordinating  centre  for  orderly  movements  (Flourens,  Longet, 
K.  Wagner).  Awkwardness  in  performing  movements,  frequent 
falling,  and,  in  birds,  the  loss  of  the  power  of  flight,  are  conse- 
quences of  its  removal,  or  of  disease  in  its  tissues.  The  connection 
of  the  cerebellum  with  all  the  columns  of  the  cord,  with  the  ganglia 
at  the  base  of  the  brain,  and  with  the  cortex  of  the  cerebrum,  but 
especially  its  intimate  relations  with  the  auditory  nerve,  also  ren- 
ders the  above  function  to  a  certain  extent  plausible.  It  is  pos- 
sible that  the  auditory  nerve,  the  influence  of  which  in  judging  of 
the  position  of  the  head  has  already  been  repeatedly  mentioned, 
plays  a  similar  part  to  that  of  the  optic  nerve  in  the  co-ordinating 
apparatus  of  the  middle  brain.  Deafness  does  not  follow  on  re- 
moval of  the  cerebellum.  In  disease  of  the  cerebellum  affecting 
one  side  only,  the  disturbances  of  movement  appear  chiefly  to 
concern  the  opposite  side  of  the  body.  Irritation  of  the  cere- 
bellum causes,  according  to  most  writers,  neither  movements  nor, 
as  far  as  can  be  judged,  sensations  of  pain  ;  recently,  however,  it 
has  been  stated  that  movements  of  various  kinds  follow  stimula- 
tion (Nothnagel).  [By  electrical  stimulation  of  the  cerebellum  in 
monkeys,  rabbits,  and  cats,  Ferrier '  obtained  definite  movements 

1  Ferrier,  The  Functions  of  the  Brain.    London,  Smith,  Elder  and  Co.,  1876.  See 
p.  97  et  seq. 
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of  the  eyes,  with  which  were  in  some  cases  associated  movements 
of  the  head  and  trunk.  He  observed  further  that  contraction  of 
the  pupil  occurred  on  the  eye  corresponding  to  the  side  of  the 
cerebellum  stimulated.] 

D.  Cortex  of  the  Cerebrum. 

The  cortex  Of  the  cerebrum  must  be  regarded  as  the  chief,  if 
not  the  exclusive,  seat  of  psychical  activity.  The  essential  proofs 
of  this  are  the  following  :  1.  In  the  animal  series  the  cerebrum  is 
found  to  be  more  fully  developed  in  comparison  with  the  mass  of 
the  body,  and  with  the  encephalon  as  a  whole,  in  those  classes  in 
which  the  individuals  approach,  in  mental  powers,  the  condition 
of  man.  The  degree  of  development  is  judged  of  by  the  weight 
of  the  cerebrum  and  by  the  number  of  gyri  or  '  convolutions,'  for 
an  increase  in  the  latter  increases  the  extent  of  the  superficies, 
and  hence  the  amount  of  grey  substance.  2.  In  cases  where  the 
cerebrum  is  abnormally  small  from  birth  (microcephalus,  creti- 
nismus),  or  where  it  is  diseased  (hydrocephalus,  &e.),  there  is 
noticed  a  corresponding  diminution  in  the  higher  mental  powers, 
or  idiocy.  3.  InjurieSy  compression,  and  diseases  of  the  cerebrum 
are  almost  always  accompanied  by  mental  disturbance — peculiarity 
of  demeanour,  insensibility,  somnolence,  or  excitement.  4.  Ee- 
moval  of  the  cerebral  hemispheres  (which  is  best  accomplished  in 
birds)  induces  a  condition  resembling  that  of  sleep,  in  which  all 
voluntary  movement  ceases.  Nevertheless,  movements  of  a  reflex 
nature  occur  in  response  to  the  stimulation  of  sense-organs ;  but 
they  are  so  regular  in  the  order  of  their  occurrence  that  tbey  may 
be  predicted.  When  the  cerebrum  is  removed  in  slices,  a  gradual 
loss  of  all  the  powers  of  the  mind  is  said  to  take  place  (Flourens). 

It  has  been  also  maintained  that  the  various  degrees  of  mental  ahility  in 
man  are  dependent  upon  the  size,  development,  and  weight  of  the  cerebrum  ; 
the  results  obtained  by  weighing  are  far  from  supporting  this  supposition.  The 
height,  breadth,  and  prominence  of  the  forehead  are  regulated  by  the  develop- 
ment of  the  cerebrum ;  and  a  measure  of  the  prominence  is  obtained  in  the 
'  facial  angle,'  or  angle  formed  by  the  intersection  of  two  hues,  one  of  which 
touches  the  most  prominent  point  of  the  forehead  and  the  symphysis  of  the  two 
halves  of  the  upper  jaw,  and  the  other  passes  through  the  base  of  the  skull. 
The  more  acute  is  this  angle,  the  more  nearly  the  face  resembles  the  type  of 
that  of  the  lower  animals.  The  relative  development  of  the  cerebral  hemi- 
spheres is  best  estimated  in  animals  by  comparing  them  with  the  corpora  quad- 
rigemina,  the  size  of  which  has  evidently  no  connection  whatever  with  the 
degree  of  psychical  development.  The  cerebra  of  Monotremata  and  Marsu- 
pialia  amongst  mammals  are  distinguished  by  the  circumstance  that  they  want 
a  corpus  callosum.  Of  the  sulci  the  fissure  of  Sylvius,  which  separates  inferiorly 
and  laterally  the  temporal  and  frontal  lobes,  is  the  most  constantly  found ;  in 
many  mammals  (in  mice,  moles,  shrews,  and  bats)  it  is  the  only  one  present, 
while  in  others  (in  hares,  guinea-pigs,  beavers,  &c.)  a  few  longitudinal  fuiTows 
and  convolutions  are  added  on  to  the  convex  surface.  In  dogs  the  fissure  of 
Sylvius  is  surrounded  by  three  concentric  furrows,  whereby  four  '  primary  con- 
volutions '  are  formed ;  at  the  same  time-  a  transverse  sulcus  occurs  in  the 
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anterior  part  of  the  brain,  which  runs  from  the  upper  part  of  the  longit 
fissure,  and  is  called  the  '  fissure  of  Rolando,'  or  '  sulcus  cruciatus,'  and  wl 


itudinal 
I'hich  is 

surrounded  by  the  fourth  primary  sulcus.  In  many  mammalian  brains,  possessed 
of  a  great  number  of  convolutions,  the  primary  convolutions  are  more  difficult 
to  make  out. 

It  is  impossible  here  to  enter  upon  the  description  and  nomenclature  of  the 
complicated  convolutions  of  the  human  brain. 

The  nature  of  psychical  operations  requires  discussion  here  only 
in  one  of  its  aspects.    States  of  consciousness,  or  mental  opera- 
tions, which  are  connected  in  some  unkfiown  way  with  the  material 
processes  of  the  encephalic  organs,  entirely  elude  definition,  as  has 
already  been  said  in  the  Introduction.    But  it  is  another  question, 
and  one  which  may  engage  our  attention  here,  whether  the  ma- 
terial processes  of  those  organs  form  connecting  chains  between 
centripetal  and  centrifugal  excitations — a  species  of  coxiplicated 
reflex  actions — which  are  independent  of  the  states  of  conscious- 
ness, or  mental  operations,  and  to  which  the  latter  are  attached 
merely  as  passive  concomitants  ;  or  whether  the  latter  can  actively 
interfere  in  the  material  processes,  and  so  of  themselves  produce 
excitation  in  an  organ.    The  first  view  seems  not  to  be  in  agree- 
ment with  the  existence  of  a  free  will ;  for  it  has  not  yet  been 
determined  whether  the  same  series  of  centripetal  impressions 
would  not  constantly  induce  i/n  the  same  organism  exactly  the 
same  effects,  i.e.  would  call  forth  the  same  apparently  voluntaiy 
movements.    The  second  view  presents  the  difficulty  of  requiring 
the  assumption  that  a  scientifically  undefinable  process  acts  upon 
material  particles  which  obey  physical  laws. 

An  essential  difference  between  psychical  processes  and  orderly 
reflex  acts  lies  in  the  fact  that  in  the  latter  it  is  only  centripetal 
stimulations  acting  at  the  time  which  are  of  effect  in  inducing 
them,  while,  in  the  former,  centripetal  excitations  which  have  long 
gone  hy  may  also  operate.  It  is  therefore  necessary,  from  the 
materialistic  point  of  view,  to  assume  the  existence  of  apparatuses 
in  the  mental  organs  in  which  centripetal  excitations  leave  behind 
them  a  lasting  change  whose  psychical  expression  is  ^memory.' 
As  to  the  nature  of  these  changes,  there  exists  no  ground  whatever 
for  speculation. 

On  the  other  hand,  we  are  only  entitled  to  assume  the  existence 
of  psychical  functions  in  cases  where  the  motor  reaction  following 
sensory  stimulation  may  be  recognised  as  the  associated  effect  of 
a  past  excitation.  The  other  means  of  deciding  the  point,  viz. 
the  existence  or  non-existence  of  states  of  consciousness,  is  im- 
practicable, as,  strictly  speaking,  it  is  impossible  to  know  whether 
such  states  occur  or  not  in  foreign  organisms.  Hence  we  are  not 
justified  in  ascribing  psychical  functions  to  the  spinal  cord  on 
account  of  the  purposive  reactions  of  headless  animals,  or  ot 
animals  asleep,  which  were  previously  referred  to;  for  these  actions 
are  evidently  merely  the  result  of  a  momentary  stimulus,  as  is 
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shown  by  the  regularity  of  their  occurrence,  and  are  to  be  regarded, 
therefore,  as  pure  reflex  actions. 

From  what  has  been  already  stated,  a  general  schema  of  the 
central  nervous  system  may  be -constructed :  A  primary  centre  ('  the 
central  grey  matter  of  the  cord '),  having  apparently  no  direct  con- 
nection with  the  nerves  of  the  higher  senses,  provides  for  the 
simplest  reflex  acts,  in  which,  essentially,  the  organs  in  the  vicinity 
of  the  body  take  a  part  when  excited :  this,  the  simplest  kind  of 
reflex  actions,  we  have  described  as  '  reflex  acts  in  one  plane.'  A 
second  centre  of  a  higher  nature  ('  ganglia  at  the  base  of  a  brain, 
cerebellum  (?)'),  which  is  connected  with  all  the  regions  de- 
pendent upon  the  first  centre,  and  in  addition  with  the  higher 
nerves  of  sense,  and  which  possesses  also  inhibitory  fibres  control- 
ling the  first-named  centre,  provides  for  more  complex  actions  and 
reflex  actions,  in  which  distant  parts  of  the  body  are  concerned, 
e.g.  reactions  of  the  extremities  following  visual  impressions,  loco- 
motions which  are  directed  by  the  eye,  &c.  A  third  centre  of  the 
highest  kind  ('  cortex  of  the  brain '),  which  is  in  connection  with 
the  others,  has  the  property,  on  the  application  of  certain  centri- 
petal impressions  during  the  waking  state  (?),  of  becoming  so 
changed  for  considerable  periods,  or  for  ever,  that  unequal  com- 
plicated actions  may  result ;  for,  in  addition  to  the  manifold  com- 
binations of  momentary  centripetal  impressions,  numerous  impres- 
sions of  the  past  also  have  a  distinct  action  in  centrifugal  excita- 
tion. The  number  of  the  possible  combinations  is,  therefore,  so 
immensely  great  that  there  is  ample  scope  for  theory  to  explain  all 
actions  as  the  results  of  centripetal  influences.  Excitation  of  this 
highest  centre  is  accompanied  by  states  of  consciousness,  and  here 
is  the  limit  of  physiological  observation. 

It  is  not  possible  to  give  more  detailed  statements  as  to  the 
arrangements  in  the  centres  of  the  cortex  of  the  cerebrum.  The 
entirely  gratuitous  phrenological  division  of  the  mental  functions 
according  to  '  impulses,'  and  the  equally  baseless  localisation  of 
them  in  regions  of  the  cerebral  cortex,  have  long  been  recognised 
as  meaningless  and  false.  It  is  also  impossible  to  assign  any  in- 
dividual spot  in  the  cerebrum  as  the  seat  of  consciousness,  since 
cases  are  known,  in  connection  with  almost  every  part,  in  which, 
when  that  part  was  destroyed  or  was  wanting,  consciousness  still 
remained.  Local  defects  in  the  cerebrum  merely  separate  certain 
regions  of  the  body  situated  on  the  opposite  side  from  connection 
with  the  mind,  while  consciousness  may  still  remain  after  destruc- 
tion of  one  hemisphere.  Unfortunately,  we  possess  no  trustworthy 
experience  as  to  whether,  after  such  destruction,  any  portion  of 
the  images  impressed  on  the  memory  have  been  effaced,  or  as  to 
the  connection  which  exists  eventually  between  the  place  of  injury 
and  the  loss  of  memory. 

Unilateral  injuries,  induced  by  rupture  of  the  white  substance 
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of  either  hemisphere,  indicate  that  the  mind  communicates  with 
the  various  regions  of  the  body  by  means  of  definite  fibres.  The 
question  now  arises,  Do  these  groups  of  fibres  spring  from  definite 
regions  of  the  cerebral  cortex,  or  from  diverse  regions,  or  even 
from  all  portions?  The  first  of  these  possibilities  seems  to  be 
supported  by  the  circumstances  that  pathological  changes  affect- 
ing a  certain  anterior  portion  of  the  brain,  namely,  the  Island  of 
Eeil  (which  is  situated  at  the  bottom  of  the  Sylvian  fissure,  and 
which  is  discovered  projecting  downwards  between  the  two  branches 
of  the  fissure),  as  well  as  lesions  of  the  grey  lamina  of  the  claus- 
trum,  which  is  situated  between  the  Island  and  the  lenticular 
nucleus,  induce  a  condition  called  '  Aphasia,'  in  which  the  patient 
is  unable  to  speak  words  while  retaining  the  power  of  writing 
them. 

Most  cases  of  the  above-mentioned  '  Aphasia '  depend  upon  lesions  of  the 
left  hemisphere,  and  are  accompanied  by  paralysis  of  the  ri(/ht  half  of  the  trunk 
{right-sided  hemiplegia).  It  has  therefore  been  concluded,  not  without  opposi- 
tion, that  the  so-called  '  centre  of  speech  '  is  unsymmetrical — imilateral.  Cases 
are,  however,  known  of  Aphasia  following  lesion  on  the  right  side  (BouiUaud), 
■and  the  greater  frequency  of  the  former  kind  is  referred  to  circulatory  agencies. 

The  knowledge  derived  from  experiment  concerning  the  indi- 
vidual sensory  and  motor  functions  of  the  cortex  is  in  the  highest 
degree  indefinite.  Mechanical  lesions  occasion,  according  to  most 
authors,  neither  pain  nor  movements.  The  movements  which  have 
recently  been  induced  (Fritsch  and  Hitzig,'  Ferrier  ^)  by  electrical 
stimulation,  since  they  do  not  occur  after  mechanical  or  chemical 
stimulation,  may  very  well  be  set  down  to  the  irritation  of  more 
deeply  seated  regions,  for  the  latter  are  unavoidably  exposed  to  the 
diffusion  of  currents.  This  explanation  is  especially  probable  in 
the  case  of  Ferrier's  experiments.  According  to  the  results  ob- 
tained by  the  observers  just  mentioned,  the  anterior  parts  of  the 
cerebral  cortex  in  particular  are  connected  with  the  motor  arrange- 
ments. Experiments  with  destruction  of  small  parts  of  the  cortex 
by  excision  (Fritsch  and  Hitzig),  or  by  cauterisation  by  means  of 
injections  into  the  tissue  (Nothnagel,^  Fournie),  resulted  for  the 
most  part  in  abnormal  postures  and  movements  of  individual 
members,  which  are  attributed  (Nothnagel)  to  loss  of  muscular 
sense.  No  results  as  to  the  nature  and  distribution  of  the  functions 
of  the  cortex,  even  of  the  value  of  approximations,  can  be  deduced 
from  these  experiments. 

It  has  of  late  been  thought  possible  to  establish  by  the  method 
of  experiment  relations  between  individual  regions  on  the  surface  of 
the  hemispheres  and  (particularly  motor)  regions  on  the  periphere. 

1  Fritsch  u.  Hitzig,  Archiv.  f.  Anat.  u.  Phys.  1870. 

2  Ferrier,  '  Localisation  of  Function  in  the  Brain,'  Croonian  Lectiu-e,  1874,  Abstract. 
Proc.  Royal  Society.  'Experiments  on  the  Brain  of  Monlteys,'  first  series.  Proceed. 
Royal  Soc.  1876,  p.  161.  '  Experiments  on  the  Brain  of  Monkeys,'  second  series,  Croonian 
Lecture.    Phil.  Transact.    1875,  vol.  ii. 

'  Nothnagel,  Virchow's  Archiv.    Vol.  Iviii.  p.  420^ 
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1.  Experiments  hy  Stimulation. — Whilst  formerly  it  was  sur- 
mised that  the  cerebral  cortex  was  unexcitable  by  any  of  the  general 
nerve  stimuli,  it  has  recently  been  found  that  electrical  stimulation 
of  localised  areas  on  the  cortex  of  the  fore-brain  occasions  definite 
movements  on  the  opposite  side  of  the  body  (Fritsch  and  Hitzig, 
Ferrier).  As,  however,  mechanical  and  chemical  stimulations  are 
always  without  effect,  the  possibility  remains  that  the  phenomena 
observed  are  due  to  simultaneous  stimulation  of  deeper  parts  due 
to  conduction  of  the  current.  That  such  excitable  motor  parts  are 
present  in  the  deeper  parts  of  the  brain  is  proved  partly  by  the 
fact  that  experiments  by  stimulation  lead  to  the  same  results  even 
after  removal  of  the  cortex  (H.  Braun,  Hermann  >),  partly  by  direct 
stimulation  experiments  in  the  vicinity  of  the  corpora  striata 
(Hitzig,  Burdon-Sanderson 

2.  Experiments  by  Extirpation. — After  destruction  of  portions 
of  the  cortex  by  excision  (Fritsch  and  Hitzig),  by  caustic  injections 
(Fournie,  Nothnagel),  by  washing  the  brain  matter  away  by  a 
stream  of  water  (Groltz),  phenomena  set  in  whose  extent  and  signi- 
ficance is  disputed.  According  to  some,  when  the  destruction 
affects  the  previously-mentioned  areas,  the  phenomena  consist  of 
disorders  of  the  innervation  of  the  muscular  region  concerned  (dis- 
played specially  by  awkward  movements  of  the  limbs  implicated), 
which  have  been  referred  to  affections  of  the  muscular  sense  or  of 
the  act  of  will  (Hitzig,  Fritsch) ;  according  to  others  there  occur, 
wherever  the  lesion  be  situated,  defects  in  sensation  as  well  as  in 
movement  (Groltz).  All  results  of  extirpations  gradually  disappear, 
so  that  one  is  obliged  to  siu-mise  the  existence  of  an  indirect  sym- 
pathy existing  between  the  deeper  regions  and  the  surface  of  the 
cortex.  In  any  case  the  question  as  to  whether  individual  areas  on 
the  cerebral  hemispheres  are  to  be  looked  upon  as  establishing  a 
connection  between  the  mind  and  individual  groups  of  muscles, 
or  whether  others  are  to  be  looked  upon  as  organs  concerned  in 
perception,  must  be  considered  as  altogether  undecided. 

The  results  of  electrical  stimulation  of  the  cortex  in  dogs  are  the  foUowino- 
(Fritsch  and  Hitzig)  : — Within  the  arch  circumscribed  by  the  four  primitive 
convolutions  and  the  sulcus  a-uciatm  is  situated  a  spot  the  excitation  of  which 
causes  contraction  of  the  cervical  muscles ;  on  the  side  of  the  bend  is  a  spot 
connected  -with  the  extensors  and  ahdactors.  Somewhat  behind  is  one  for  the 
flexors  and  rotators  of  the  anterior  extremity,  and  on  the  posterior  limb  of  the 
bend  is  a  spot  connected  with  the  flexors  of  the  posterior  extremity.  On 
the  posterior  limb  of  the  third  primitive  convolution  is  an  area  related  to 
the  muscles  supplied  by  the  facial  nerve,  and  in  the  immediate  vicinity  one  for 
the  eye  muscles.  Even  in  the  case  of  other  mammals,  and  in  the  frog,  similar 
areas  have  been  found ;  in  man  they  are  surmised  to  exist  from  patholooical 
data  and  from  experiments  upon  monkeys.  It  is  questionable  whether  narcotics 
and  the  condition  of  apnoea  abolish  the  results  of  stimulation,  and  upon  this 
depends  very  much  the  question  whether  these  results  of  stimulation  are  to  be 
looked  upon  as  reflex  acts  (SchifF). 


1  Hermann,  Ffliijer's  Archiv.  1875.   2  Burdon-Sanderson,  Proc.  of  Royal  Society.  1874. 
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In  the  case  of  newly-born  animals  stimulation  of  the  cortex  is  without 
result,  whilst  deeper  stimulation  occasions  movements  (Soltmann).  Lately, 
even  circulatory  and  intestinal  actions  have  been  surmised  to  occur  as  the 
results  of  stimulations  and  extirpations  of  the  cerebral  cortex,  especially  changes 
in  the  pulse  (Schift"),  changes  in  the  calibre  of  vessels  and  in  the  temperature 
of  the  skin  (Eulenberg  and  Landois,  Hitzig),  movements  of  the  viscera  (Boche- 
fontaine),  changes  in  the  secretions  (Lupine),  haemorrhages,  &c.  AU  these  facts 
require  further  research. 

We  must  not  omit  to  mention  that  there  exists  in  rabbits,  in  the  neighbour- 
hood of  the  posterior  apex  of  the  hemisphere,  a  spot  on  injuring  which  violent 
but  transitory  forward  and  sideward  movements  result  after  some  time  (Noth- 
nagel).  In  this  case  it  would  seem  that  the  movements  were  due  to  some 
hallucination  on  the  part  of  the  animal  rather  than  to  a  direct  motor  influence. 

Direct  connections  of  the  cerebral  cortex  with  sensory  or  motor 
nerve-fibres  of  the  external  system  are  rendered  doubtful  on  the 
anatomical  grounds  above  mentioned,  and  at  most  only  occiu"  in 
special  regions.  It  seems  more  probable  that  the  same  appara- 
tuses are  made  use  of  in  the  production  of  conscious  sensation  and 
voluntary  movement  as  in  the  production  of  reflex  acts  of  a  lower 
or  a  higher  order.  As  in  the  latter  motor  nerve-centres  are  so 
combined  that  the  muscles  co-operate  in  orderly  manner  to  cause 
reflex  action,  so  it  is  possible  that  in  orderly  voluntary  move- 
ments also  these  co-ordinating  systems  are  brought  into  activity 
as  a  whole,  whereby  the  mind  is,  as  it  were,  spared  much  labour. 
This  is  rendered  all  the  more  probable  as  we  cannot  voluntarily 
contract  each  individual  muscle  alone.  It  is  probable  that  the 
mental  organs  are  provided  not  only  with  inciting  fibres,  but  also 
with  inhibitory  fibres,  for  these  centres.  Whether  intermediate 
apparatuses,  concerned  in  similar  influences  exerted  on  the  organs 
of  the  mind,  are  present  in  the  case  of  centripetal  excitations  also, 
is  still  more  doubtful,  and  such  would,  at  least,  be  far  less  intelli- 
gible. 

In  addition  to  the  above-described  purposive  co-ordinations  ot 
movements  there  exist  others,  which  might  be  described  as  defects 
or  weaknesses ;  in  contradistinction  to  '  co-ordinated,'  these  are 
called  '  associated '  movements,  to  the  category  of  which  belongs, 
e.g.  the  wrinkling  of  the  skin  of  the  forehead  during  strong  bodily 
(or  mental)  excitement.  It  is  possible  to  render  oneself,  by  an 
act  of  will,  temporarily  and,  by  frequent  repetition,  permanently, 
free  from  these  '  movements  of  association,'  as  is  shown  in  the 
independence  of  the  two  hands  of  a  pianist. 

Sensations  in  the  region  of  other  fibres  than  those  which  have  been  objec- 
tively excited  are  called  'associated  sensations.'  One  illustration  has^ already 
previously  been  given  (p.  413),  viz.  the  phenomenon  of  '  Irradiation,'  or  the 
apparent  implication  in  stimidation  of  regions  which  were  not  themselves  ex- 
cited, in  the  neighbourhood  of  an  excited  cutaneous  nerve-fibre,  which  is  owing 
to  the  various  connections  of  the  grey  substance  of  the  cord.  In  other  cases 
remote  fibres  also  may  appear  to  the  mind  to  have  been  stimulated,  probably 
because  of  the  closeness  of  the  stimulated  and  the  non-stimulated_fibres  at  their 
origin  in  the  grey  substance ;  "for  example,  the  sensation  of  tickling  in  the 
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larynx  whicbi  follows  when  the  external  auditory  meatus  is  touched  near  the 
tympanum,  hoth  regions  being  supplied  by  the  vagus.  '  Irradiation  '  also  may 
be  diminished  by  practice,  as  shown  by  the  more  acute  perception  of  the  touch 
(due  to  the  diminution  of  the  areas  of  sensation)  in  blind  persons. 


Time  occupied  by  Psychical  Processes. 

1.  Reaction  Peiiod. — ^By  means  of  the  method  described  on  p.  345,  and 
similar  contrivances,  the  rapidity  of  certain  simple  psychical  processes  may  be 
determined.  In  these  experiments  (Bonders,  De  Jaagrr)  it  appeared  that  a 
signal  prearranged  to  be  given  on  a  certain  stimulation  occurred  later,  the  more 
complicated  the  psychical  operation  which  was  necessary  for  the  production  of 
the  signal,  and  that,  in  addition,  the  time  varied  according  to  the  way  in  which 
the  stimulus  acted.  For  example,  as  a  means  of  experiments,  (1)  the  time 
which  elapsed  between  a  cutaneous  stimulus  and  the  giving  of  a  signal,  which 
had  to  be  varied  by  the  person  experimented  upon  according  as  the  one  or  the 
other  of  two  localities  of  the  sldn  had  been  stimulated  {i.e.  decision  had  first  to 
be  made  as  to  which  of  the  localities  had  received  the  stimulus),  was  0*066  sec; 
(2)  when  light  was  used  as  a  stimulus,  a,  decision  between  two  colours  took 
0"122-0'184  sec,  h;  decision  between  two  letters  of  the  alphabet  took  0*166  sec, 
c,  decision  between  five  letters  took  0-170  sec,  the  signal  consisting  in  pro- 
nouncing the  name  of  the  letter  which  was  suddenly  exhibited ;  (3)  when  the 
stimulus  was  auditory,  a,  distinguishing  between  two  vowels  took  0'056  sec, 
b,  distinguishing  between  five  vowels  took  0'069-0'088  sec,  the  signal  consist- 
ing in  repeating  the  name  of  the  vowel. 

2.  Recognition  of  Objects. — If  objects  be  allowed  to  act  upon  the  eye  for 
only  a  very  short  time,  they  are  not  recognised  ;  the  time  during  which  the  eye 
must  be  stimulated  in  order  to  ensure  recognition  is,  for  large  letters,  about 
0-0005  sec,  and  it  is  longer  the  smaller  the  object  and  the  less  it  differs  from 
the  ground  on  which  it  rests.  If  a  second  object  is  presented  to  the  eye  imme- 
diately on  the  disappearance  of  the  first,  the  first  must  be  observed  for  a  longer 
time  in  order  to  be  recognised,  and  the  longer  according  as  the  second  object  is 
a  more  powerful  stimulus,  and  as  the  first  object  is  more  complicated  in  form 
(Helmholtz  and  Baxt).  If,  prior  to  the  momentary  illumination  of  an  object, 
the  attention  be  directed  to  a  certain  part  of  it,  that  part  is  perceived  even 
thoxigh,  without  having  the  attention  so  directed,  the  illumination  would  be  of 
too  short  duration  for  it  to  be  possible  (Helmholtz). 


Psycho-Physical  Laws, 

As  it  is  impossible  to  define  the  nature  of  consciousness,  there 
exists,  of  course,  no  measure  applicable  to  it.  Nevertheless  in 
recent  times,  in  the  more  exact  consideration  of  those  states  of 
consciousness  which  are  most  accessible  to  investigation,  viz.  the 
sensations,  a  method  of  measurement  has,  by  an  artifice,  been 
introduced.  By  this  method  a  definite  relationship  appears  to 
have  been  established  between  the  increase  of  the  state  of  excita- 
tion of  the  mental  organ  and  the  increase  of  the  state  of  conscious- 
ness (sensation).  It  must  not  be  overlooked,  however,  that  between 
the  material  process  in  the  organ  of  sense  and  that  in  the  organs 
of  mind  there  intervenes  a  whole  series  of  liberations,  concerning 
the  relations  of  which  nothing  is  yet  known ;  we  are,  therefore, 
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entirely  ignorant  as  to  where  to  localise  this  relationship,  which 
has  been  termed  '  psycho-physical '  (Fechner 

These  psycho-physical  discoveries  were  made  by  determining 
the  slightest  increase  of  stimulus  which  was  perceptible  as  a  sensa- 
tion, i.e.  the  increase  of  stimulus  which  occasioned  the  smallest 
possible  increase  of  sensation.  The  increase  of  stimulus  is  within 
certain  limits  constantly  proportional  to  the  strength  of  stimulus 
already  applied  (E.  H.  Weber  2),  i.e.  '  the  stronger  the  stimulus 
(as,  for  instance,  a  pressure)  already  in  action,  the  more  must  it  be 
increased,  in  order  that  the  increase  may  be  perceived.'  This  law 
holds  true  in  the  case  of  all  the  organs  of  sense  (Fechner,  Volk- 
mann).  It  follows  therefrom  that  sensations  increase  propor- 
tionately to  the  logarithms  of  the  strength  of  the  stimulus 
(Fechner). 

[The  Fundamental  Formula  of  Fechner.']— If  /3  represent  a  stimulus,  y  the 
sensation  which  corresponds  to  It,  dy  the  smallest  perceptible  increase  of  sen- 
sation, and  the  increase  of  stimulus  necessary  to  produce  that  increase  of 
sensation,  then,  according  to  Weber's  law,  dy  is  not  proportional  to  the  absolute 
increase  of  stimulus        but  to  the  relative  increase  of  stimulus,  measured 

according  to  the  strength  of  stimulus  /3,  i.e.  to-^ .  Therefore  if  ;t  be  a  constant 

,  k.da 


[In  investigating  the  general  applicability  of  Weber's  law  to  the  case  of  all 
the  organs  of  sense  and  to  ascertain  the  relation  between  the  intensity  of  the 
stimulus  and  sensation  in  the  case  of  each,  the  following  methods  of  investiga- 
tion have  been  employed  ^ : — 1.  The  method  of  smallest  perceptible  differences, 
which  consists  in  passing  from  one  intensity  of  stimulus  to  another  until  a  per- 
ceptible difference  in  sensation  resulted.  Thus,  in  determining  the  smallest 
perceptible  difference  in  weight  which  could  be  estimated  by  the  hand,  equal 
weights  would  be  placed  in  the  two  hands  and  then  the  load  in  one  hand  would 
be  increased  until  a  diffei'ence  in  weight  was  just  perceptible.  This  was  the 
method  first  employed  by  Weber.  2.  Themethod  of  correct  «?!a!/a/se  judgments, 
in  which  two  stimuli  which  differ  in  intensity  are  made  to  act  many  times  in 
succession  upon  the  organ  which  is  being  investigated,  and  the  judgment  arrived 
at  noted.  In  proportion  as  the  difference  in  the  intensity  of  the  stimulus  becomes 
greater  will  the  accuracy  of  the  judgment  increase  and  the  number  of  correct  as 
contrasted  with  incorrect  conclusions  be  increased.  It  is  concluded  that  the 
increase  in  stimulus  bears  the  same  ratio  to  the  initial  intensity  of  the  stimulus 
when  the  proportion  of  correct  to  incorrect  judgments  remains  the  same. 
3.  The  method  of  mean  errors.  A  stimulus  is  made  to  act  upon  a  sensory  organ 
until  the  sensation  which  it  occasions  is  apparently  exactly  equal  to  that  pro- 
duced by  a  stimulus  of  known  intensity ;  the  observation  is  repeated  many 
times,  and  the  mean  error  ascertained.  This  error  may,  by  suitable  treatment, 
be  resolved  into  a  constant  and  variable  error,  the  former  of  which  depends  upon 


1  Fechner,  Elemente  der  Psychophysik.  2  vols.  Leipzig,  1860.  [The  student  who  is 
anxious  to  enter  upon  the  study  of  the  paycho-pliysical  laws  is  strongly  recommended  to 
read  at  least  the  mere  fundamental  and  elementary  parts  of  this  masterly  work.  He 
will  be  very  much  aided  in  his  studies  by  the  careful  perusal  of  the  eighth  chapter  of 
Wundt's  Grundziige  der  physiologischen  Psychologie  (Leipzig,  1874),  under  the  heading 
'  Intensitat  der  Empfindung '^(pp.  282-314).] 

«  E.  H.  Weber,  Wagner's  Ilandivorterbuch  der  Physiol.    Vol.  iii.  part  ii.  p.  559. 

3  Fechner,  Op.  cit.    Vol.  i.  p.  71  et  seq. 
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the  various  unknown  physiological  conditions,  and  the  latter  of  which  is  always 
a  certain  fraction  of  the  initial  stimulus. 

By  pursuing  these  three  methods  various  observers  have  obtained  the  fol- 
lowing numbei-s,  which  represent  the  relations  which  must  exist  between  two 
stimufi  in  order  that  a  difference  in  sensation  may  be  perceived  in  the  c;.se  of 
different  senses :  —  ^ 
Tactile  sensations        .       .       .  . 


Temperature 
Soimd  . 
Light  . 


1 
3 
1. 

3 
1_ 
100] 

MI3 


IThe  '  Measure^ -formula  of  Fechnei-J] — If  the  equation  cly  =  —~-  be  inte- 
grated, the  sensation  y  being  considered  as  a  sum  of  numerous  small  increases 
of  sensation,  then 

y  =  k,  log.  nat.  /3  +  const. 

If  the  constant  of  integration  be  so  chosen  that  when  7  =  0/3  is  equal  to  6 — 
that  is  to  say,  if  h  is  the  intensity  which  the  stimulus  must  already  have  in 
order  to  be  perceived  ('liminal'  intensity,  '  Schwellenwerth'  of  Fechner) — then 

y  =  li  (log.  0  -  log.  h)=k  log.  I 

which  expresses  that  y  commences  to  be  positive  when  ^>h.  The  formula  for  y 
(the  '  Maassformel '  of  Fechner),  which  becomes  valid  for  every  logarithmic 
system  by  changing  the  value  of  k,  therefore,  shows  that  sensations  increase 
with  the  logarithms  of  the  stimulus  (considered  in  relation  to  the  'liminal 
intensity '),  and  shows  that,  in  general,  with  increasing  stimuli  the  sensations 
(corresponding  to  the  logarithms)  increase,  at  first  quickly,  and  then  more  and 
more  slowly. 

['  One  can  easily  observe  that  the  relations  between  the  increments  dy  and 
d/3  in  the  fundamental  formula  correspond  to  the  relations  between  the  increase 
of  a  logarithm  and  ihe  increase  of  the  number  to  which  it  corresponds.  For  as. 
one  can  easily  convince  oneself,  either  from  theoretical  considerations  or  by 
examining  tables  of  logarithms,  logarithms  do  not  increase  to  an  equal  amormt 
when  the  niunbers  to  which  they  coiTespond  increase  equally,  but  only  when 
the  relative  increase  is  the  same ;  or,  in  other  words,  the  increase  in  the  loga- 
rithms of  numbers  remains  the  same  when  the  relative  increase  in  the  numbera 
remains  equally  great. 


Niunber.  Logarithm. 

,  1,000000 
.  1,0413927 


10 
11 

.  100 
110 
1000 
1100 


2,000000 
2,0413927 
3,000000 
3,0413927 


By  an  examination  of  the  above  numbers  with  theii'  corresponding  logarithms 
we  observe  that  the  addition  of  1  to  10  leads  to  as  great  an  increase  in  the  loga- 
rithm as  the  addition  of  10  to  100  and  the  addition  of  100  to  1000.    In  these 
three  cases  the  logarithmic  increase  is  0,0413927.'  ^] 

The  resistance  which  was  (p.  481)  assumed  to  be  offered  by  the  grey  net- 
Tvork  of  the  spinal  cord,  and  the  magnitude  of  which  determines  the  extent  of 

1  Fechner,  Op.  cit.   Vol.  ii.  part  11. 
L  L 
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the  circle  of  irradiation  (p.  488),  may,  witli  the  aid  of  certain  hypotheses,  serve 
as  the  starting-point  of  another  deduction  from  Fechner's  formula. 

If  it  be  assumed  (1)  that  the  resistance  is  so  constituted  that  in  being  pro- 
pagated the  excitation  is  constantly  diminished  by  an  equal  fraction  of  its  own 
value  (2)  that  the  imperceptible  value  wliich  it  finally  attains  is  equal  to  the 
liminal  intemity  of  the  stimulus  ;  and  (3)  that  the  intensity  of  the  sensation  is 
proportionate  to  the  magnitude  of  the  area  of  the  circle  of  irradiation — the  same 
relation  between  strength  of  stimulus,  liminal  intensity,  and  intensity  of  sensa- 
tion is  found  as  is  expressed  by  *  Fechner's  formula'  (Maassformel).  On  the 
other  hand,  the  empirical  determination  of  Fechner's  formula  may,  by  Weber's 
law,  serve  for  the  verification  of  the  above  assumptions.  It  is  thus  at  once  found 
that  Jc  in  Fechner's  formula  is  inversely  proportional  to  the  central  resistance 
(Bernstein). 

Recently  psycho-physical  laws  have  been  advanced  which  differ  from  the  law 
of  Weber  and  Fechner.  If  it  be  assumed  that  the  operating  stimuli  add  them- 
selves so  as  to  have  the  value  of  constantly  acting  but  non-perceptible  a,  Weber's 
law  would  become 

dy  =  k.       ,  by  integi'ating  which  it  follows 
a  +  ^ 

(y  =  0  and  /3  =  0)  y  =  A;  .  log.-'il^CDelboeuf )  ; 

a 

in  this  case  the  liminal  intensity  of  the  stimulus  is  the  persistent  stimulus  a,  and 
every  objective  stimulation  would  be  perceived. 

Another  equation  has  been  deduced  from  the  fact  that  the  perception  of  the 
degree  of  depth  of  two  grey  tones  does  not  vary  when  their  illumination  changes ; 
hence  y  =  a  .  jS'',  a  and  c  being  constants  (Plateau).' 


Sleep. 

In  the  mental  organs  two  states,  the  physical  difference 
between  which  is  not  understood,  hold  alternate  sway  with  a 
certain  regularity  ;  these  are  the  waking  and  the  sleeping  states. 
There  appears  to  be  a  kind  of  sleep  in  which  no  mental  action 
whatever  takes  place,  so  that  the  only  central  organs  in  operation 
are  those  of  an  automatic  and  reflex  nature.  The  functions 
depending  upon  the  central  organs  of  this  character,  viz.  circula- 
tion, respiration,  secretion,  digestion,  &c.,  go  on  as  usual.  The 
reactions  to  external  stimuli  which  still  manifest  themselves,  and 
which  proceed  exactly  like  those  of  animals  whose  cerebra  have 
been  extirpated,  must  be  regarded  simply  as  undisturbed  orderly 
reflex  movements ;  for,  as  was  explained  on  p.  479,  we  have  no 
grounds  for  regarding  them  as  the  results  of  still  remaining  mental 
activity,  having  its  seat  either  in  the  cerebrum  or^  perhaps  in 
special  mental  organs  (as  of  the  spinal  cord,  &c.)  not  in  the  sleep- 
ing state. 

Whether  states  of  consciousness  or  mental  operations  occur 

1  [Recently  several  attacks  have  been  made  upon  the  psycho-phvsical  laws  of  Fecliner, 
iw  hv  Professor  Herine  fZwr  Lehre  von  der  Beziehtnig  zwischen  Leib  und  Seele  I.,  Ueber 
Fe^Ler^f^Sch^^^^^^^  Gesetz),  and  in  England  by  Mr.  Coutts  Trotter  (note  on 
Feclmer's  law.  jLrval  of  Physiology.  Vol.  i.  No.  1  .  A  f u  1  accoun  of  a  t  e  I'temture 
bearing  on  this  subject,  and  an  answer  to  a  majority  of  lus  objectors,  will  be  found  m 
Professor  Fechner's  In  Sachen  der  Psychophysik,  Leipzig.    18/ 7. J 
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during  sleep  can  only  be  decided  by  one  means,  that  of  the 
memory.  From  it  we  learn  that  incomplete  mental  actions  do 
very  frequently  take  place  in  the  form  of  dreams.  These  are 
marked  by  sensations  without  objective  causes  (hallucinations), 
volitions  without  effect  (disappointments  in  intended  but  impos- 
sible movements),  and  processes  of  thought  with  the  usual  logic 
of  the  waking  state  (apparent  solutions  of  problems  which  seem 
afterwards  when  remembered  to  be  absurd).  No  means  exist  of 
determining  the  duration  of  dreams.  An  observation  which  has 
frequently  been  made  leads  to  the  belief  that  possibly  most  dreams 
occur  only  at  the  moment  of  awakening  or,  at  least,  at  the  moment 
of  a  sudden  and  momentary  release  from  sleep ;  for  a  dream  often 
ends  with  a  sensation  occasioned  by  some  objective  cause  which,  at 
the  same  time,  brings  about  the  awaking  of  the  sleeper.  Hence 
the  fact  that  extraordinary  delusions  as  to  time  are  an  accompani- 
ment of  dreams. 

Awaking  from  sleep  appears  for  the  most  part  to  be  caused  by 
sensations  which  must  be  stronger  the  deeper  the  sleep.  The 
depth  of  sleep  may  be  expressed  by  Fechner's  formula  given  above, 
by  making  the  liminal  intensity  h  (i.e.  the  value  which  a  stimulus 
must  have  in  order  to  induce  a  state  of  consciousness)  so  great 
that  7  becomes  negative  on  ordinary  stimulations.  Direct  mea- 
surements have  shown  (Kohlschlitter)  that  6,  and  consequently  the 
intensity  of  sleep,  increases  from  the  commencement  of  sleep,  at 
first  quickly,  then  more  slowly,  until  about  the  end  of  the  first 
hour,  after  which  it  again  diminishes,  at  first  quickly,  and  then 
very  slowly,  reaching  its  usual  value  at  awaking-time.  Frequently, 
and  without  any  apparent  cause,  sleep  becomes  suddenly  less  in- 
tense, relapsing  again  to  its  former  depth.  As  a  general  statement, 
the  deeper  the  sleep  the  longer  it  lasts.  The  deeper  the  sleep, 
and  the  greater,  therefore,  is  b,  the  stronger  must  be  the  stimulus 
which  is  requisite  to  call  forth  a  sensation  and  cause  awaking. 
The  chief  condition  of  sleep  is  the  removal  as  far  as  possible  of 
all  stimuli:  hence  the  stillness  and  darkness  of  night  are  con- 
ducive to  sleep.  Sleep,  moreover,  seems  to  come  more  readily 
and  to  be  deeper  the  greater  the  preceding  exertions  of  the  mental 
organs.  During  sleep  the  mental  organs  are  restored  to  vigour, 
and  the  exhausted  muscles,  which  are  for  the  most  part  relaxed 
during  its  continuance,  become  refreshed.  The  numerous  and 
well-known  phenomena  of  sleep  and  dreaming  may  be  passed  over 
without  further  comment.  Concerning  the  material  changes  in 
the  brain  during  sleep,  the  alterations  of  blood-pressure,  nutrition, 
&c.,  we  have  as  yet  mere  hypothesis  unsupported  by  facts.  ' 

AvTmj>TS..—C{rcuMonj  and  Nutritive  Conditions  of  the  Brain  and  Spinal 
Cord.—ThQ  activity  of  the  central  organs  is  dependent  in  a  high  de<>Tee  upon 
their  blood-circulation,  as  shown  by  the  consequences— antemia,  hyperemia 
Btagnation,  &c.    Special  arrangements  appear  to  exist  with  a  view  to  regu- 
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late  the  blood-pressure.  As  sucli  may  be  mentioned :  1.  The  fact  that  brain  and 
spinal  cord  are  enclosed  in  a  bony  case  which  they,  together  vsdth  the  cerebro- 
spinal fluid,  completely  fill.  On  account  of  the  incompressibility  of  these  parts, 
and  of  the  unyielding  nature  of  the  enclosing  case,  cardiac  and  respiratory  vaiia- 
tions  in  the  vascular  areas  appear  to  be  impossible.  In  order  that  such  varia- 
tions should  occiu",  either  the  case  must  be  opened  (thus,  the  brain  shows 
respiratory  pulsations  when  the  skiill  is  opened ;  and  a  manometer  communi- 
cating with  the  interior  of  tbe  cranium  exhibits  respiratory  and  cardiac  oscilla- 
tions) or  the  cerebro-spinal  fluid  must  flow  out  (thus,  in  injuries  to  the  spine, 
the  brain  shows  respiratory  movements  which,  as  it  seems,  induce  basilar- 
meningitis  by  friction,  Rosenthal).  Artificial  or  pathological  increase  of 
intracranial  pressitre  causes  much  disturbance  of  function,  presumably  depend- 
ing upon  circidatory  mischief.  2.  The  brain,  by  means  of  the  circle  of  Willis,^ 
is  secm-e  from  any  sudden  inten-uption  to  circulation  by  the  closm-e  of  an  artery. 
3.  Changes  of  blood-pressure  in  the  brain,  which  might  result  from  sudden 
changes  in  the  position  of  the  body  (as,  for  instance,  on  rising  from  the  hori- 
zontal position),  are  said  to  be  prevented  by  the  thyroid  body  which  forms  a 
collateral  blood-reservoir  (Liebermeister).  If  the  change  of  position  occurs  too- 
suddenly  a  transitorj'^  faintness  follows.  The  thyi'oid  body  is  said  to  regulate 
blood-pressure  in  the  brain  in  another  way  also,  since,  when  swollen  by  the 
strong  influx  of  arterial  blood,  it  compresses  the  carotid  (Guyon)  ;  that  is  to  say^ 
when  the  muscles  are  powerfvilly  excited,  the  carotids  sometimes  exhibit  nO' 
pulsation  (Maignien).  4.  The  vaso-motor  nerves  of  the  brain,  whicli  ti-averse 
the  highest  cervical  ganglion,  but  do  not  wholly  lie  in  the  sympathetic  cord. 
(Nothnagel),  are  the  media  for  the  general  regulatory  influences. 


3.  Sympatlietic  Centres  and  Nerves. 

In  general  those  nerves  are  described  as  sympathetic,  irrespec- 
tive of  their  origin,  which  supply  the  viscera  and  the  vessels. 
Moreover,  the  non-medullated  nerve-fibres,  which  are  present  in 
such  large  numbers  in  sympathetic  nerves,  are  called  '  sympathetic 
fibres.'    The  origin  of  these  sympathetic  fibres  is  not  exactly- 
determined.    The  numerous  ganglion-cells  which  are  aggregated 
in  the  large  somatic  cavities,  or  are  scattered  singly  through  the 
parenchymata  of  many  viscera,  are  to  be  regarded  as  the  principal 
central  organs  of  the  sympathetic  system ;  but  it  has  been  shown 
anatomically  and  physiologically  that  many  sympathetic  fibres  are 
in  communication  with  the  cerebro-spinal  organs,  partly  by  means 
of  the  rami  communicantes  of  the  spinal  nerves,  and  partly  by 
means  of  unions  formed  with  the  cranial  nerves.    This  communi- 
cation has  been  already  alluded  to  in  the  description  of  the 
oculo-spinal  centre  (p.  498)  and  of  the  origin  of  the  vaso-motor 
nerves  (p.  497).    Nevertheless  no  sympathetic  nerve  has  ever  been 
proved  to  be  in  connection  with  the  will,  for  all  the  movements  of 
the  viscera  are  completely  involuntary.    The  sensibility  of  the 
viscera,  also,  is  so  extremely  slight  that  it  is  supposed  to  be  due  to 
the  few  medullated  ('  cerebro-spinal ')  fibres  which  the  sympathe- 
tic nerve-trunk  contain.    Smooth  muscles  are  regulated  only  by 
sympathetic  fibres,  and  hardly  any  instance  is  known  of  other 
descriptions  of  muscles  being  supplied  from  this  system  of  nerves. 
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The  question  as  to  the  position  of  the  ganglia,  which  are 
scattered  throughout  the  sympathetic  nervous  system,  is  a  peculiarly 
■difl&cult  one ;  the  ganglia  occur  partly  as  parenchymatous  ganglia, 
connected  with  the  peripheral  terminations,  partly  as  ganglia 
situated  in  the  course  of,  the  sympathetic  cord,  or  imbedded  in 
the  plexuses  contained  in  the  visceral  cavities ;  even  the  ganglia 
on  the  roots  of  the  spinal  nerves  are  generally  accounted  to  belong 
to  the  sympathetic  system.  Even  the  structure  of  those  organs  is 
■disputed,  it  being  not  always  certain  whether  the  cells  which  they 
contain  are  uni-,  bi-,  or  multipolar,  or  even  apolar. 

That  central  functions  belong  to  these  organs  cannot,  however, 
be  doubted.  1.  On  account  of  the  analogy  with  the  ganglion 
■cells  of  the  brain  and  spinal  cord.  2.  Because  after  destruction  of 
the  brain  and  spinal  cord  the  visceral  ('  vegetative ')  functions  per- 
sist for  a  long  time  (Bidder),  e.g.  the  movements  of  the  separated 
heart,  &c.  That  central  functions  have  not  been  ascertained  in  the 
■case  of  many  sympathetic  ganglia,  affords  no  ground  for  a  general 
denial  of  such  a  function.  It  is  generally  surmised  that  sympathetic 
ganglion-cells  constitute  scattered  central  organs  connected  with 
motion  and  secretion,  which  in  part  act  automatically  (in  a  rhyth- 
mical or  tonic  manner),  in  part  act  reflexly,  their  automatic  actions 
being  in  great  part  under  the  regulating  influence  (retarding,  inhi- 
biting, &c.)  of  nerves  which  take  their  origin  in  the  brain  or 
.spinal  cord. 

The  functions  of  the  sympathetic  central  organs  are,  as  far  as 
is  known,  the  following  :  1.  To  subserve  reflex  action,  which,  so 
far  as  muscular  movements  are  concerned,  is  of  the  purposelike, 
orderly  character  previously  described  ;  hence  co-ordinating  ar- 
langements  must  exist  in  connection  with  them.  In  addition 
to  motor  reflex  actions  we  get  also  secretory.  2.  To  subserve 
automatism  (motor  and  secretory).  Possibly  many  of  these  appa- 
rently automatic  excitations  ought  to  be  classed  as  reflex :  the 
■cerebro-spinal  organs  cannot  be  concerned  in  such  excitations,  as 
the  functions  ('  vegetative')  which  really  depend  upon  the  sympa- 
thetic system  continue  for  a  long  time  after  destruction  of  these 
organs  (Bidder).  In  the  case  of  automatic,  as  of  reflex,  actions, 
oo-ordinating  arrangements  are  recognisable.  The  rhythmical 
-automatism  in  sympathetic  nerves  is  under  the  regulation  of  inhibi- 
tory and  accelerating  fibres,  just  as  was  the  case  with  nerves  of  the 
cerebro-spinal  system. 

The  following  may  be  taken  as  a  more  particular  statement  of 
the  functions  of  the  sympathetic  organs : — 

1.  The  Ganglia  of  Parenchymata.  Many  organs  contain  in 
their  substance  ganglion-cells,  by  means  of  which  their  functions 
are  in  part  regulated.  Such  organs  are  especially  the  heart,  and, 
according  to  most  authors,  the  stomach,  intestines,  uterus,  &c. 
The  ganglia  of  the  heart  are  most  easily  studied.    They  possess  a 
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rhythmical  automatism  in  virtue  of  which  isolated  fragments  of  the 
heart  pulsate  of  themselves.  In  addition,  co-ordinating  arrange- 
ments are  present  whereby  the  various  segments  of  the  isolated 
and  uninjured  viscus  contract  in  regular  sequence.  Moreover, 
the  rhythm  is  under  the  control  of  accelerating  and  retarding^ 
fibres,  both  of  which  sets  arise  from  the  cerebro-spinal  organs, 
but  the  former  of  which  run  in  sympathetic  courses  (viz.,  through 
the  lowest  cervical  and  uppermost  thoracic  ganglia),  while  the 
latter  pass  along  the  vagus.  The  customary  assumption  that  the 
heart  also  contains  (in  the  auricle)  inhibitory  central  organs  is 
doubtful. 

The  stimulus  wliicli  produces  automatic  excitation  of  tlie  cardiac  ganglia  is 
unknown.  In  the  frog's  heart  it  appears  to  be  the  oxygen  of  the  air  or  of  the 
blood,  since  regular  pulsation  ceases  on  excluding  the  oxygen  (Goltz,  Cyon) 
although  direct  stimulation  still  induces  contraction,  the  muscles  themselves, 
therefore,  remaining  irritahle.  On  the  other  hand,  the  presence  of  carbonic  acid 
appears  to  excite  the  inhibitory  system  ('Traube,  Oyon).  In  the  case  of  mam- 
mals the  conditions  are  more  difficult  to  grasp,  as  it  is  impossible  to  experiment 
with  the  isolated  heart. 

Intestinal  peristaltis  affords  another  example  of  automatic  co- 
ordinated movement  brought  about  by  parenchymatous  ganglia. 
In  this  case  also  an  inhibitory  mechanism  (for  the  small  intestine) 
is  found  in  the  splanchnic  nerves,  while  it  would  seem  that 
accelerating  fibres  reach  the  intestine  from  the  sympathetic 
plexuses  of  the  abdomen.  The  stimulus  for  this  automatism  is 
also  unknown. 

The  presence  of  air  increases  the  movements,  as  does  also  an  increased 
venous  condition  of  the  blood,  caused,  for  example,  locally  hy  stagnation. 

Concerning  the  innervation  of  the  uterus  Chap.  XII.  may  be 
consulted. 

2.  Ganglia,  Plexuses,  and  Sympathetic  Cord.  Nothing  is 
known  about  the  action  of  the  numerous  ganglion-cells  found  in 
these  structures.  Experiments  in  which  stimulation  and  section 
have  been  made  use  of  have  merely  led  to  a  knowledge  of  the 
fibres,  derived  apparently  from  the  cerebro-spinal  organs  which 
chanced  to  pass  through  them.  The  only  apparently  established 
fact  indicating  the  existence  of  reflex  powers  in  a  ganglion,  viz., 
the  secretion  of  saliva  induced  in  a  reflex  manner  through  the  sub- 
maxillary ganglion,  has  recently  been  doubted  (Eckhard);  for  the 
result  follows  on  electrical  stimulation  only,  and  may  be  due  to  a 
diffusion  of  the  cm-rent,  which  may  thus  aflect  the  secreting  nerves 
themselves. 

In  the  cervical  portion  of  the  sympathetic  the  following  fibres 
have  been  shown  to  exist : — 

1.  Vaso-motor  fibres  for  the  corresponding  half  of  the  head  : 
these  have  their  origin  in  the  cerebro-spinal  organ. 
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2.  Fibres  for  the  dilatator  pupillse :  these  also  take  origin  in 
the  cerebro-spinal  organ. 

3.  Fibres  for  the  smooth  orbital  muscle  of  Miiller,  and  also, 
apparently,  for  the  rectus  externus  muscle,  since  section  of  the 
cervical  sympathetic  induces  internal  strabismus. 

4.  Secreting  fibres  for  the  salivary  glands,  and  for  the  lachry- 
mal glands :  the  origin  of  these  is  unknown. 

5.  Accelerating  fibres  for  the  heart  (von  Bezold). 

6.  The  lowest  cervical  ganglion,  besides  the  highest  thoracic 
ganglion  [ganglion  stellatum),  with  which  it  is  frequently  united, 
conducts  accelerating  fibres  to  the  heart  through  the  third  brancli 
of  the  ganglion  (E.  and  M.  Cyon);  the  first  and  second  branches 
are  the  roots  of  the  depressor  nerve. 

7.  Fibres  proceeding  to  the  cerebro-spinal  organ  which  call 
into  activity  the  cardiac  inhibitory  mechanism. 

8.  Fibres  proceeding  to  the  cerebro-spinal  organ,  which  stimu- 
late the  vaso-motor  centre  (pressor  fibres). 

In  the  thoracic  portion  of  the  sympathetic  but  few  clearly 
established  experimental  results  have  been  obtained.  The  superior 
thoracic  ganglion  [ganglion  stellatum)  conducts  to  the  heart  ac- 
celerating fibres,  which  reach  the  ganglion  by  way  of  the  cervical 
sympathetic  cord  (von  Bezold)  and  the  root  accompanying  the  ver- 
tebral artery  (von  Bezold  and  Bever). 

The  plexus  cardiacus,  belonging  to  this  part  of  the  sympathetic 
system,  is  constituted  of  fibres  passing  to  and  from  the  heart  and 
belonging  to  the  vagus,  depressor,  and  sympathetic  nerves.  In  the 
thoracic  portion  also  arise  the  splanchnics,  major  and  minor,  to 
which  the  following  fibres  may  be  assigned  (spl.  major) :  1.  In- 
hibitory fibres  for  the  intestine.  2.  Accelerating  fibres  for  the 
intestine  (surmised  from  the  effect  of  post-mortem  stimulation). 
3.  Fibres  inhibiting  the  renal  secretion.  4.  Vaso-motor  fibres 
for  the  extensive  vascular  region  of  the  abdomen.  5.  Centripetal 
fibres  which  inhibit  the  heart  in  a  reflex  manner  (situated  in  the 
frog  in  the  sympathetic  cord)  (Bernstein).  6.  Fibres,  irritation  of 
which  causes  an  abnormal  appearance  of  sugar  in  the  m'ine  (von 
Grafe,  Eckhard,  Ploch). 

Concerning  the  abdominal  portion  of  the  sympathetic  we  have 
but  few  trustworthy  statements.  Irritation  of  the  cord  and  the 
plexuses  (coeliac,  mesenteric,  renal,  suprarenal,  spermatic,  hypogas- 
tric) causes  for  the  most  part  movements,  or  increased  movements, 
of  neighbouring  organs,  viz.,  intestine,  bladder,  ureters,  uterus, 
vesiculse  seminales,  and  spleen  (induced  in  the  last-mentioned 
organ,  by  irritation  of  the  plexus  lienalis,  a  branch  of  tlie  coeliac 
plexus,  Jaschkowitz).  Section  or  extirpation  of  the  sympathetic 
cord  and  plexuses  cause  chiefly  circulatory  and  nutritive  distm-b- 
ance.    It  may  be  mentioned  that  extirpation  of  the  coeliac  ganglia 
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produced,  in  one  well-  established  case,  a  disturbance  of  digestion, 
in  which  undigested  food  was  voided  per  anum  (Lamansky). 

The  discoveries  which  have  been  made  concerning  the  uterus 
will  be  given  in  Chap  XII.,  when  considering  partiu-ition. 

The  suprarenal  capsules  are  very  rich  in  nerves  and  contain  in 
their  interior  cells  resembling  ganglion-cells ;  on  this  account  their 
function  has  been  supposed  to  be  nervous,  but  this  is  as  yet  unsup- 
ported by  facts.  Other  suppositions  as  to  their  nature  have  already 
been  stated  on  p.  211. 
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ORIGIN,  DEYEIOPMENT,  AND  DEATH  OF 
TEE  ORGANISM. 


CHAPTER  XII. 

A.    GENERAL  OBSERVATIONS. 

The  origin  of  new  organisms  is  always  associated  with  the  exist- 
ence of  others  which  have  preceded  them.  Since  the  belief  in  the 
free  formation  of  cells  has  been  almost  universally  abandoned,  one 
may  afl&rm  that  no  organic  form  originates  in  shapeless  matter, 
but  that  each  form  is  derived  from  a  pre-existing  one.  The 
general  plan  of  new  formation  is  either  a  decomposition  of  an 
organism  into  parts  which  henceforward  develop  independently, 
or  the  separation  of  a  part  which  develops  individually  from  an 
older  organism  which  continues  to  exist ;  the  new  part  may  either 
remain  in  connection  with  the  old  or  may  separate  from  it. 

The  doctrine  of  spontaneous  or  equivocal  generation,  whicli  ever  finds  de- 
fenders— the  doctrine  "which  afiu'ms  that  organised  beings  do  spring  from  shape- 
less matter,  as  in  fermenting  or  decomposing  fluids — is  opposed  to  the  statements 
made  above. 

The  apparent  proofs  of  such  spontaneous  generations  are : — 

1.  The  development  of  vegetable  and  animal  organisms  (fungi,  infusoria)  in 
infusions  of  organic  substances. 

2.  The  development  of  organisms  (entozoa)  within  completely  shut  cavities. 
In  both  cases,  however,  the  organisms  spring,  as  may  be  proved,  from  the 
numerous  germs  contained  in  the  air  ;  as  the  infusion  remains  barren  if  the  air 
reach  it  without  any  germs  (these  being  separated  by  filtration  fi-om  it),  or  if 
the  germs  contained  in  the  air  be  destroyed  before  it  reaches  the  infusion,  as  by 
conducting  the  air  through  red-hot  tubes.  The  development  of  entozoa  is  un- 
questionably due  to  the  germs  which  are  introduced  with  the  nutriment,  and 
which  can  in  certain  stages  of  their  existence  wander  into  the  closed  cavities  of 
the  body. 

Notwithstanding  what  has  been  said  in  opposition  to  the  present  occurrence 
of  spontaneous  generation,  science  teaches  us  that  the  temperature  of  our  globe 
was  once  so  high  that  no  organised  being  can  have  existed  upon  it,  so  that  at 
some  period  in  its  histoi*y  a  true  primordial  generation  must  have  taken  place. 

The  resemblance  between  the  parent  organism  and  its  offspring  not  only 
extends  to  the  general  form,  but  to  peculiarities  of  formation,  which  charac- 
terize not  merely  the  genus,  or  the  species,  but  even  the  variety  or  race  to  which 
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it  belongs,  so  that  peculiarities  in  form  which  have  arisen  accidentally  caa 
easily  be  transmitted. 

This  constitutes  the  basis  of  the  attempt  to  explain  the  origin  of  species  and 
genera  through  inherited  and  ever-increasing  varieties  in  form  (Darwin).  In 
order  to  explain  the  fact  tliat  a  variety  in  form,  once  present,  develops  further 
and  further,  an  assumption  suffices,  upon  which  the  Darwinian  theory  is  based, 
viz.  that  of  all  existing  organisms  only  a  fraction  meets  with  the  conditions 
necessary  to  continued  existence,  and  that  consequently  a  struggle  for  existence 
is%oing  on  amongst  living  beings.  In  this  struggle  those  beings  will  always 
be  the  conquerors  which  are  endowed  with  properties  which  render  them 
adapted  to  the  local  conditions  in  which  they  are  placed.  If,  therefore,  in  any 
animal  species  a  certain  variety  of  form  has  arisen,  which  renders  the  indi- 
viduals concerned  more  suited  to  the  existing  conditions  than  their  fellows  (as, 
e.g.  more  able  to  procure  nourishment,  to  bear  particular  temperatm*es,  to  van- 
quish foes,  to  allure  the  opposite  sex  for  purposes  of  reproduction),  then  these 
individuals  will,  under  the  given  circumstances,  hold  the  upper  hand  in  the 
struggle  for  existence,  their  peculiarities  will  be  maintained  by  inheritance,  and 
by  further  variation  in  the  same  direction  will  establish  a  wider  and  wider 
separation  from  the  original  form.  In  this  way  it  is  possible  that  from  the 
same  stock  there  may  be  developed  in  different  localities  such  deviations  that 
out  of  varieties  there  may  spring  new  species,  and  out  of  species  new  genera. 

The  inability  to  discover  the  transition-forms  between  two  species  is  easily 
seen  to  depend  upon  the  fact  that,  of  all  the  forms  which  result  from  one  stem, 
the  extreme  forms  least  of  all  come  into  collision  in  the  struggle  for  existence, 
whilst  the  mean  forms  most  easily  are  destroyed  in  the  process. 

By  carrying  the  same  principle  further,  but  in  an  opposite  direction,  the 
siu'mise  is  formed  that  all  animal  (and  vegetable)  forms  spring  but  from  a  few, 
perhaps  even  from  a  single  parent  form.  The  Darwinian  hyjjothesis  has,  also,, 
another  fruitful  side,  in  that  it  destroys  specially  all  teleological  speculations, 
by  showing  that  of  all  possible  forms  which  can  exist,  only  those  most  adapted 
to  theu'  uses  can  survive,  whilst  the  others  must  succumb. 

Seeing  that  in  the  breeding  of  animals  the  hereditability  of  certain  peculiar- 
ities is  taken  advantage  of,  and  these  peculiarities  are  thereby  further  developed,, 
the  individuals  which  possess  them  in  a  pre-eminent  degree  being  specially 
cared  for  and  employed  in  propagation,  the  principle  above  alluded  to  has  by 
its  expositor  been  denominated  '  natMral  selection.' 

Forms  of  Reproduction. 

The  fundamental  forms  of  reproduction  are  the  following : — 

1.  Fission  of  the  existing  organism  into  several  pieces  (of 
equal  value),  which  continue  to  live  independently,  either  united 
or  separated,  and  which  grow  to  the  size  of  the  original  organism. 
This  is  spoken  of  as  the  fissiparous  mode  of  reproduction.  Closely 
connected  to  this  is  the  separate  continned  existence  of  the  pieces 
of  animals  which  have  been  artificially  divided,  and  which  has 
often  been  observed. 

2.  Scission  of  a  constituent  part  of  the  parent  organism.  The 
constituent  part  may  either  remain  joined  to  the  parent  or  may 
separate  from  it ;  in  either  case  it  develops  independently  of  it, 
whilst  the  parent  continues  to  exist.  If  the  part  which  separates 
is  an  important  multicellular  constituent  of  the  parent  organism 
which  remains  united  with  it  for  a  time  or  for  ever,  the  process  is 
termed  '  gemmiparous  reproduction.'    If,  however,  the  separating 
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portion  be  but  a  single  cell,  which  develops  independently  of  any 
connection  with  the  parent  organism,  the  process  is  termed  '  ovi- 
parous  reproduction,'  and  the  cell  concerned  in  this  process  is 
called  '  germ-cell,'  or  '  egg,'  or  '  ovum.' 

The  fissiparous  and  gemmiparous  modes  of  reproduction  only 
occur  in  the  lowest  animal  forms.  The  oviparous  mode,  on  the 
contrary,  occurs  throughout  the  rest  of  the  animal  kingdom,  even 
in  man,  and  in  many  of  the  lower  animals  in  addition  to  the  first- 
named  processes  of  reproduction. 

The  ovum  is  the  product  of  a  special  organ,  '  the  ovary.'  It  is 
only  in  a  few  animals  that  the  development  of  the  egg  proceeds 
alone  to  the  very  end  ('  parthenogenesis '). 

In  order  that  development  may  occur,  or  at  any  rate  proceed, 
beyond  a  certain  limit,  the  egg  requires,  as  a  rule,  contact  with  a 
peculiar  element.  The '  peculiar  element  is  '  seonen,^  the  product 
of  another  organ,  the  '  testicle.'  The  ovary  and  the  testicle  are 
either  (as  in  the  higher  animals)  found  in  separate  individuals  or 
they  are  both  present  in  the  same  individual.  In  the  first  case 
the  individual  furnished  with  the  ovary  is  termed  female,  as  dis- 
tinguished from  the  male,  which  is  provided  with  the  testicle ;  in 
the  second  case  the  creature  (as  in  many  of  the  lower  animal 
forms)  is  said  to  be  '  hermaphrodite.'  The  contact  of  semen  and 
ovum  is  called  '  fertilisation  '  or  '  impregnation,'  and  reproduction 
by  means  of  eggs  which  have  to  be  fertilised  is  spoken  of  as 
'  sexual  reproduction ; '  the  fissiparous  and  gemmiparous  modes  of 
reproduction,  as  well  as  parthenogenesis,  constitu,te,  on  the  other 
hand,  '  non-sexual '  modes  of  reproduction. 

Undoubtedly  parthenogenesis  has,  Utlierto,  only  been  certainly  determined 
to  occur  in  a  iew  species,  and  in  them  it  only  occurs  side  by  side  with  true 
sexual  reproduction^  and  yields  invariably  only  individuals  of  one  sex  (e.^.  in 
bees  and  in  a  species  of  wasp,  only  males,  in  the  psycJiid(s  females). 

The  best  known  example,  that  of  bees,  may  here  be  specially  considered. 
In  a  bee-hive  there  occur  three  classes  of  individuals,  viz.  males  (which  are 
called  the  drones),  females  incapable  of  reproduction  {the  woi-king  bees),  and  one 
female  capable  of  reproducing  {the  queen  bee) .  The  queen  bee  once  in  the  year^ 
in  what  may  be  termed  the  nuptial  flight,  is  impregnated  by  one  of  the  drones 
which  surround  her,  and  returns  with  a  full  '  receptaculum  seminis.'  She  is 
now  in  a  position  either  to  fertilise  the  eggs  which  she  lays  or  to  leave  them 
unfertilised.  Both  these  events  occur,  and  they  are  governed  by  the  cell  in 
which  the  egg  is  deposited ;  in  the  cells  of  the  drones  are  placed  the  uon- 
fertihsed,  and  in  the  cells  of  the  working  bees  the  fertilised  eggs.  The  emis- 
sion or  non-emission  of  the  semen  which  is  stored  up  depends  either  upon  the 
will  (instinct)  of  the  queen  bee  or  upon  the  mechanical  relations  of  the  cell 
into  which  she  thrusts  the  posterior  part  of  her  body. 

Whether  the  fertilised  ovum  develops  into  a  sterile  female  (working  bee)  or 
into  a  fully  developed  female  (queen  bee)  depends  upon  the  feeding  of  the  larv8& 
by  the  working  bees,  perhaps  also  upon  the  form  and  size  of  the  cells. 

A  momentary  parthenogenetic  development  occurs  in  some  animals,  iu 
which  the  non-fertilised  egg  goes  through  the  early  stages  of  development  (first 
stages  of  cleavage),  and  then  an  arrest  occurs;  such  a  process  has  hithertO' 
been  observed  in  the  sow  (Bischoff),  in  the  rabbit  (Hensen),  and  iu  the  hon 
(Oellacher). 
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Sexual  Maturity.  Fertility. 

In  the  case  of  all  organisms  the  conditions  required  for  re- 
production first  occur  at  a  particular  stage  of  their  development, 
generally  only  when  their  growth  is  completed,  so  that  the  excess 
of  '  the  receipts '  over  '  the  expenditure '  of  the  body  which  has 
hitherto  served  the  purposes  of  growth  may  thenceforward  be  used 
in  the  production  of  generative  materials,  or  even  (in  the  case  of 
T^iviparous  creatiu-es)  in  the  nutrition  of  the  developing  egg.  It 
is  only  at  this  particular  period  (period  of  puberty)  that  in  animals 
of  different  sexes  the  complete  development  of  the  germ-preparing 
organs  (ovary  and  testicle)  occurs.  Hencefoi-ward,  liowever,  for 
long  periods  of  time,  often  until  death,  the  reproductive  process 
proceeds,  generally  at  regular  intervals.  The  number  of  the  pro- 
geny of  one  individual,  or  of  one  pair  of  individuals,  i.e.  their 
*  fertility,'  varies  very  greatly  throughout  the  animal  kingdom. 
In  making  such  a  quantitative  determination  one  may  start  from 
two  different  stand-points.  If  reproduction  be  looked  upon  as  a 
function  of  the  maternal  organism  in  relation  to  other  functions, 
viz.  as  an  expenditure  in  relation  with  the  other  sources  of  expen- 
diture and  income  which  constitute  the  whole  exchang-es  of  the 
matter  of  the  body,  tiien  we  must  determine  the  relation  between 
the  weight  of  the  animal  and  the  weight  of  the  reproductive 
material  yielded  by  it  in  the  condition  in  which  it  leaves  the  body 
(as  eggs  in  the  oviparous,  young  creatures  in  the  ^dviparous,  semen 
in  male  animals).  Such  determinations  (Leuckart)  exhibit  enor- 
mous differences  in  the  expenditure  of  generative  matters ;  thus, 
for  example,  the  yearly  generative  expenditure  of  the  female 
organism  is,  in  the  human  female,  about  of  the  body  weight, 
in  the  sow  about  ^,  in  the  mouse  about  three  times  the  body 
weight,  in  the  hen  five  times,  and  in  the  queen  bee  110  times  the 
body  weight.  If  now  we  consider  reproduction  in  relation  to  the 
maintenance  of  the  species,  we  must  compare,  instead  of  the 
weight,  the  number  of  the  real  progeny  resulting.  The  first  kind 
of  determination  alluded  to  cannot  be  utilised  for  this  purpose, 
for,  firstly,  the  same  weight  of  generative  material  represents  in 
different  species  a  widely  differing  number  of  possible  indivi- 
duals; and,  secondly,  a  great  number  of  circumstances  must 
concur  in  order  that  fertilisation  and  development  should  occur, 
and  these  circumstances  are  relatively  only  rarely  present,  so  that 
in  general  only  a  small  fractional  part  of  the  generative  material 
really  accomplishes  its  end. 

The  number  of  the  progeny  can,  however,  only  be  very  rarely 
determined ;  as  one  may,  however,  venture  to  assume  that  the 
object  of  reproduction  is  to  maintain  the  number  of  individuals  of 
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the  species  approximately  constant,  it  follows  that  the  number 
of  the  progeny  stands  in  a  certain  relation  to  the  mean  duration 
of  life  of  the  species.  If  we  designate  the  number  of  years  of  the 
latter  by  n,  the  constant  number  of  individuals  by  a,  the  number 

of  individuals  which  must  be  born  in  a  year  will  be  — .    For  each 

n 

individual  being  of  the  species,  there  will  be  yearly  born  in  the 

mean  —  of  progeny.    How  much  of  this  production  falls  upon 
n 

each  reproductive  individual  depends  principally  on,  1,  whether 
the  new  creature  originates  sexually,  i.e.  by  the  concurrence  of 
two  parents ;  2,  the  number  of  reproducing  individuals  in  relation 
to  the  total  number,  as  well  as  the  duration  of  the  period  of 
fecundity  in  relation  to  the  duration  of  life.  The  number  of 
germs  produced,  will,  in  general,  exceed  the  numbers  obtained  by 
the  above  methods,  the  rarer  are  the  conditions  realised  necessary 
for  fertilisation  and  development. 


Sexual  Reproduction. 

The  egg  (ovum)  in  its  simplest  form  is  a  globular  cell,  the 
granular  lecithin-containing  protoplasm  of  which  is  called  the 
yolk  (vitellus).  Besides  this,  many  eggs  possess  a  (secondly  de- 
posited) secondary  yolk  (Nebendotter),  which  occasionally  consists 
of  immigrated  cells.  The  vesicular  nucleus  of  the  ovum  is  called 
the  germinal  vesicle  (vesicula  germinativa),  and  the  nucleolus 
which  is  seen  in  the  vesicle  is  called  the  germinal  spot  (macula, 
germinativa).  In  many  eggs  a  cell-membrane  cannot  distinctly 
be  made  out,  and  in  the  majority  of  cases  the  cell  is  found  sur- 
rounded by  an  envelope  of  different  form  and  not  belonging  to  it,, 
which,  when  a  vitelline  membrane  is  present,  is  deposited  upon  it. 
This  envelope  is  in  its  simplest  form  a  structureless,  tolerably 
thick,  membrane,  so  that  seen  in  profile  it  appears  as  a  bright 
ring  (zona  pellucida  of  mammalia  and  man).  In  the  majority  of 
eggs  it  is  perforated  by  numerous  canals  ;  in  some  it  is  covered  by 
villus-like  processes,  the  most  diverse  forms  being  observed  in  in- 
vertebrate animals.  In  many  animals  the  envelope  possesses  a 
tolerably  large  opening,  which  is  of  importance  in  the  process  of 
fertilisation,  and  which  is  called  '  the  micropyle  '  (Keber)  :  this  is 
especially  the  case  in  numerous  invertebrata  and  fishes,  probably 
also  in  higher  vertebrata. 

The  chemical  constituents  of  the  yolk  of  the  egg  are  princi- 
pally derivations  of  lecithin  (vitellin,  ichthin,  protagon  (?),  various 
albuminous  bodies,  a  colouring  matter  related  to  hsematoidin,  an 
amylaceous  body,  salts  and  water. 
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In  many  cases  the  egg  possesses  accessory  envelopes,  which  it  partly  bringa  with 
it  from  the  seat  of  its  formation  in  the  ovary  (as  the  discus  proligerits  ;  the  yellow 
of  the  bird's  egg  is  to  be  looked  upon  as  the  entire  ovarian  folUcle,  and  only  the 
germ-disc  is  the  ovum  proper),  partly  it  receives  on  its  way  through  the  excre- 
tory passages ;  thus  the  white  and  the  shell  of  the  bird's  egg  are  formed  around 
it  in  its  passage  through  the  oviduct— a  passage  which  is  effected  by  peristaltic 
movements.  In  this  way  are  produced  the  spii-al  twists  of  the  chalazce.  The 
ovum  of  the  rabbit  receives  in  a  similar  manner  an  envelope  of  albumen  as  it 
passes  along  the  Fallopian  tube.^ 

The  liberation  of  the  mature  ovum  from  the  seat  of  its  forma- 
tion in  the  ovary  occurs  at  certain  periods,  the  periods  of  rut  or 
heat,  which  occur  once  or  several  times  in  the  year ;  the  number 
of  eggs  which  are  liberated  at  one  time  varies  from  a  single  one 
(in  man)  to  many  thousands.  In  general,  sexual  intercourse  is  only 
fruitful  when  taking  place  during  the  period  of  heat  or  rut. 

The  semen  consists  of  a  large  number  of  corpuscles,  which  are 
of  a  form  peculiar  to  each  species,  and  which  are  suspended  in  a 
highly  albuminous  fluid,  and  which  generally  move  through  it  in 
a  particular  manner.  The  form  of  these  seminal  coi'puscles  (zoo- 
sperms,  spermatozoa,  or  spermatozoids)  is  similar  in  all  vertebrata 
and  in  many  invertebrata ;  they  consist  of  a  globular,  oval,  or 
cylindrical  (sometimes  corkscrew-shaped)  body  or  head  and  a  fine 
tolerably  long  thread  or  tail,  which  is  continually  engaged  in  a 
whip- like  movement.  In  invertebrate  animals  numerous  other,  in 
part  motionless,  forms  are  seen. 

Impregnation  consists  in  contact  of  the  semen  with  the 
liberated  ovum.  This  contact  happens  either  within  the  female 
organs  of  generation,  into  which  the  semen  is  conducted,  or  out- 
side of  them,  by  the  semen  being  poured  over  the  previously  ex- 
truded ova,  or  by  being  accidentally  brought  in  contact  with  the 
eggs,  as  by  the  surrounding  water.  Even  artificial  fertilisation  is 
possible.  Very  small  quantities  of  semen  appear  sufficient  to  fer- 
tilise, provided  that  they  contain  spermatozoa  (Spallanzani). 

The  union  of  the  male  and  female  bodies  which  is  required  in 
the  first-mentioned  mode  of  impregnation  is  denominated  sexual 
intercourse  or  copulation.  In  the  majority  of  animals  it  occurs 
during  the  period  of  rut,  during  which  time,  along  with  the 
special  condition  of  the  germ-preparing  organs,  in  both  sexes  the 
desire  for  intercourse,  '  sexual  appetite,'  awakens.  Probably  in  all 
animals  the  act  of  copulation  is  accompanied  by  voluptuous  sensa- 
tions. 

The  nature  of  impregnation  is  as  yet  unknown.  In  all  proba- 
bility it  is,  above  all,  essential,  in  order  that  it  should  occur,  that 

1  According  to  recent  researches  (His)  the  yolk  of  the  bird's  egg  consists,  in  addition 
to  ovum  proper  (principal  volk)  and  the  germinal  vesicle  and  the  accessor^'  yolk,  of  cells  of 
the  membrana  granulosa  of  the  follicle  which  have  wandered  through  the  zona.  In  the 
mammalian  egg,  at  least,  onlv  a  small  part  of  the  cells  of  the  membrana  granulosa  wander 
into  the  egg,  the  remainder  forming  the  epithelium  of  the  follicle  and  the  '  discus  proli- 
gerus.' 
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•0716  or  more  spermatozoa  should  penetrate  the  ovum.  At  any  rate 
spermatozoa  have  been  found  within  the  fecundated  eggs  of  the 
most  diverse  species  of  animals.  The  entrance  of  the  spermatozoa 
occurs,  in  eggs  which  possess  a  micropyle,  probably  through  it, 
•otherwise  perhaps  by  an  active  penetration  of  the  ovi-sac ;  both 
■processes  have  been  observed  to  occur. 

The  development  of  the  embryo  commences  soon  after  the 
•contact  or  penetration  of  the  semen,  being  brought  about,  or  at 
:any  rate  furthered  by  it,  in  an  inexplicable  manner.  The  sper- 
matozoa which  have  penetrated  disappear  after  a  short  time ; 
nothing  definite  is  known  in  reference  to  the  changes  which  they 
imdergo. 

Development  of  the  Impregnated  Egg. 

The  development  of  the  egg  begins  in  all  cases  with  the  forma- 
tion of  numerous  cells,  through  a  progressive  division  of  the 
ovum ;  this  is  known  as  segmentation.  Out  of  the  cells  which  are 
formed  originate  the  organs  of  the  embryo  in  so  many  ways  that 
no  general  principles  applicable  to  all  animals  can  be  laid  down. 
In  ova  which  possess  a  food-yolk  (birds,  amphibia,  fishes,  strictly 
even  mammalia)  only  a  partial  segmentation  occurs,  i.e.  the  whole 
of  the  yolk  does  not  take  part  in  the  process,  but  only  that  part 
of  it  which  contains  the  germinal  vesicle,  which  is  called  the  prin- 
cipal yolk  or  formative  yolk.  The  non-segmenting  food-yolk, 
which  is  derived  from  the  granulosa  cells  of  the  follicle,  undergoes 
no  morphological  changes,  but  it  yields  its  chemical  constituents 
to  the  embryo  so  as  to  build  it  up,  hence  its  name. 

The  development  of  the  ovum  takes  place  in  the  majority  of 
cases  outside  the  maternal  organism,  in  the  most  suitable  localities 
suitable  to  the  process.  In  the  majority  of  cases  a  certain  tem- 
perature is  requisite  for  development,  which  is  partly  obtained  by 
the  choice  of  the  locality  in  which  the  egg  is  deposited,  partly 
afforded  by  the  sun's  heat,  and,  lastly,  partly  by  the  maternal  body, 
given  whilst  it  covers  the  eggs  (hatching) ;  this  can  also  be  artifi- 
cially applied  (artificial  hatching). 

The  second  condition  necessary  to  development  is  the  access  of 
oxygen.  In  the  developing  egg,  as  in  the  already  developed 
organism,  processes  of  oxidation  occur,  which  consume  oxygen  and 
yield  carbonic  acid.  The  exchanges  of  the  gases  with  the  atmo- 
sphere, or  with  the  water  which  contains  gases,  takes  place  through 
porous  openings.  In  many  cases  the  development  of  the  ovum 
takes  place  within  the  maternal  organism  in  a  dilatation  of  the 
efferent  generative  apparatus,  i.e.  in  the  uterus,  as  in  mammalia, 
and  in  man.  The  two  conditions  requisite  for  development  are 
here  realised  in  a  very  complete  manner ;  the  temperature  is  main- 
tained by  the  sojourn  in  the  equally  heated  maternal  body ;  the 
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respiration  takes  place  by  means  of  the  very  early  developed" 
vessels  of  the  embryo,  which  form  a  capillary  system  in  connection 
with  a  part  of  the  nterine  wall ;  the  walls  of  the  foetal  capillary 
system  come  into  immediate  contact  with  the  maternal  capillaries,, 
which  are  also  strongly  developed  at  the  above-mentioned  part. 

At  this  spot — in  the  '  placenta ' — there  occurs  a  passage  of 
oxygen  from  the  blood  of  the  mother  into  that  of  the  embryo,  and 
of  carbonic  acid  in  the  reverse  direction.  The  same  organ  is  the 
medium  of  the  passage  of  nutritive  matters  from  the  body  of  the 
mother  to  that  of  the  embryo.  After,  development  has  proceeded 
to  a  certain  point,  the  egg  is  expelled  through  the  genital  aperture,, 
the  process  being  denominated  '  birth.' 

Modifications  of  Development. 

The  development  of  the  ovum  into  a  complete  organism  similar 
to  the  one  from  which  it  is  derived  does  not  always  take  place  con- 
tinuously. In  certain  classes  of  animals  development  is  arrested 
for  considerable  periods  at  certain  stages ;  at  these  stages  of 
development  the  organism  manifests  similar  functions  to  those 
which  are  observed  when  it  is  completely  developed,  viz.,  voluntary 
motion,  capacity  to  take  food,  to  digest,  &c.  This  is  called  the- 
'  larval  condition,'  and  the  best  known  examples  are  afforded  by 
the  larval  stage  in  the  '  metamorphosis '  of  insects.  Even  repro- 
duction occurs  in  such  larval  conditions,  by  fission  and  budding ; 
when  this  occurs  the  process  is  termed  '  alternate  generation.'  As 
larvae  generally  possess  a  thoroughly  different  form,  and  as  their 
life  cannot  be  distinguished  from  that  of  the  fully  formed  organism, 
numerous  larv£B  have  been  described  as  separate  species  before 
their  origin  and  fwther  development  were  discovered.  This  has 
specially  occurred  in  cases  of  alternate  generation  ;  the  larvse  which 
possess  the  functions  of  a  fully  developed  animal,  including  the 
power  of  reproduction,  and  the  forms  of  which  differ  in  an  extra- 
ordinary degree  from  that  which  they  ultimately  assume,  have  for 
long  periods  of  time  been  held  to  be  distinct  animal  forms,  even  to 
be  animals  belonging  to  different  classes  or  orders. 

The  leaf-louse  may  be  cited  as  offering  tlie  simplest  example  of  alternate' 
generation.  From  tlie  fertilised  ova  of  this  creature,  early  in  the  spring,  non- 
sexual young  are  developed,  and  these  produce  animals  similar  to  themselves 
which  are  born  alive  ;  the  latter,  in  their  turn,  give  birth  to  a  new  viviparous 
generation,  and  the  process  is  repeated  during  several  generations,  until  finally, 
later  in  the  autumn,  young  are  born  which  are  partly  male  and  partly  female 
these  copulate  and  produce  fertilised  ova  which  remain  inactive  during  the 
winter  ;  in  spring  the  cycle  of  changes  again  commences.  The  viviparous 
generations  cannot  be  looked  upon  as  composed  of  parthenogenetic  females, 
because  they  never  change  into  the  egg-producing  females  of  the  final  genera-^ 

tion  (Leuckart).  ,  ,     •     .  .1. 

A  more  complete  example  is  furnished  by  intestinal  worms  belonging  to  the- 
cestode  class,  e.g.  by  tape-worms  {ttenia  solium). 
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Tlie  livino-  tape--woriii  existing  in  the  intestine  of  man  consists  of  a  head 
with  suckers"  and  booklets,  and  of  a  chain  of  sec^ments  (joints),  which  are 
smallest  near  the  head  and  then  grow  longer  and  broader.  The  smallest  are 
the  youngest,  and  these  originate  continually  by  a  process  of  budding  from  the 
so-caUed  neck.  Every  joint  is  to  be  looked  upon  as  an  individual,  and  contains 
male  and  female  organs  of  generation,  which  develop  with  age.  Sexual  _  con- 
gi-ess  takes  place  between  these  joints,  so  that  the  oldest  always  contain  fertilised 
eggs  already  in  a  state  of  development.  These  joints  (proglottides)  are  from  time 
to  time  thrown  off,  and  leave  the  body  with  the  excrement.  Presumably  the 
ova,  when  they  again  directly  reach  a  human  intestine,  can  again  develop  into  the 
heads  of  tape-Avorms  and  generate  new  joints;  there  would  then  be  an  alterna- 
tion between  two  generations,  one  increasing  by  budding  and  one  by  a  sexual 
process  (hermaphroditic). 

The  usual  process,  however,  consists  in  this,  that  the  ova,  pre^dously  referred 
to,  find  a  host  in  one  of  the  numerous  animals  into  whose  bodies  they  can  be 
introduced  with  the  food,  and  nearly  always  by  preference  the  host,  in  the  case 
of  the  tmiia  solium,  is  a  particular  animal  species — the  pig. 

Here  the  hook-provided  embryo  bores  its  way  to  parts  suited  for  its  residence 
(the  liver,  the  brain,  the  muscles,  the  ttenia  solium  in  the  pig  specially  reaching 
the  sub-cutaneous  cellidar  tissue  ; — possibly  a  pai-t  of  the  way  to  the  organs  is 
travelled  over  by  the  embryo  finding  its  way  into  the  blood,  giving  rise  to  an 
embolism  and  being  liberated  again),  and  there  develops  a  bladder-like  append- 
age (cyst)  into  which  it  can  occlude  itself.  Thus  out  of  the  taenia  solium  is 
formed  the  cysticercus  cellulosse  of  the  pig  (measley  pork),  which,  when  the  flesh 
is  consumed  by  man,  reaches  his  alimentary  canal,  where,  by  the  action  of  the 
digestive  fluids,  it  loses  its  bladder  and  acquires  joints.  In  other  cases,  as  in 
the  echinococcus  hominis  (found  in  the  liver,  kidneys,  etc.,  and  derived  from 
the  tsenia  echinococcus  of  the  dog's  intestine),  there  originate  within  a  headless 
bladder  '  acephalocyst,'  which  develops  fi'om  the  embryo,  many  small  cysts  with 
the  heads  of  taeniae,  and  within  there  often  occur  new  generations. 

In  this  case  two  different  kinds  of  non-sexual,  alternate  with  sexual,  repro- 
duction, of  which  the  one,  which  can  pass  through  many  generations,  is  by 
budding  from  the  embryo  bladder,  the  other  by  budding  from  the  taenia-heads. 


B.  REPEODUCTION  IN  MAN. 

The  propagation  of  the  human  race  is  effected  by  a  sexual  pro- 
cess of  reproduction,  impregnation  takes  place  internally,  and  the 
development  of  the  embryo  being  intra-uterine.  Birth  occurs 
about  280  days  after  the  impregnation  of  the  ovum.  Usually  only 
one  ovum,  rarely  two,  still  more  seldom  three  or  more  ova  develop 
at  once. 

The  period  of  sexual  maturity  (puberty)  generally  commences 
in  man  between  the  ages  of  13  and  17,  being  somewhat  earlier  in 
woman  than  in  man,  and  somewhat  earlier  in  hot  than  in  cold 
climates.  In  addition  to  the  development  of  the  organs  of  genera- 
tion and  their  appendices  (as,  e.g.,  the  hair  which  covers  the 
pudenda),  and  the  display  of  the  functions  connected  with  this 
development  (menstruation  in  women,  seminal  emissions  in  man), 
there  appear  at  this  period  many  other  corporeal  changes,  such  as 
the  development  of  the  mammary  glands  and  the  growth  of  the 
juanniculus  adiposus  in  woman,  the  changes  in  the  voice  and  the 
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growth  of  the  beard  in  man.  At  the  same  time  there  occur  also 
certain  psychical  changes,  and  the  sexual  passion  manifests  itself. 

The  period  of  fecundity  continues  in  woman  until  about  45  or 
50  years  of  age ;  in  man  no  certain  limit  has  been  ascertained  to 
exist.  In  woman  the  close  of  the  period  of  fecundity  and  the  arrest 
of  menstruation  are  associated  with  certain  bodily  changes,  especi- 
ally of  the  generative  apparatus,  which  are  '  comprehended '  in  the 
term  '  involution,'  but  in  which  the  normal  cannot  yet  be  sufficiently 
distinguished  from  the  morbid  changes. 

Formation  of  the  Ovum. 

The  mature  human  ovum  is  globular,  and  has  a  diameter  of 
0'18-0*2'°™.  The  external  envelope  is  a  tolerably  thick,  clear,  struc- 
tureless membrane,  which  presents  the  appearance  of  a  clear  ring 
(zona  pellucida).  No  membrane  has  been  discovered  below  this. 
The  yolk  is  a  tough  granular  protoplasm,  probably  contractile ; 
within  it,  situated  usually  excentrically,  is  the  germinal  vesicle, 
presenting  the  appearance  of  a  clear  bladder  with  a  dark  germinal 
spot.  The  existence  of  a  food-yolk  surrounding  the  principal  yolk 
is  probable.  The  chemical  constituents  of  the  human  ovum  are 
probably  those  mentioned  at  p.  525. 

The  formation  of  the  egg  takes  place  in  the  Graafian  follicles 
of  the  ovary ;  these  are  spherical  bladders,  which,  when  ripe,  are 
about  the  size  of  a  pea,  and  are  imbedded  in  the  stroma  of  the 
ovary.  Their  wall  is  composed  of  a  vascular  capsule,  composed  of 
connective  tissue,  which  is  coated  on  its  inner  surface  by  a  strati- 
fied epithelium  ('  memhrana  granulosa '  sen  '  germinativa  '). 
This  epithelium  is  at  a  certain  spot  massed  into  a  mound  of  cells 
(cumulus  s.  discus  proligerus),  in  which  the  ovum  lies  embedded. 
The  hollow  space  in  the  follicle  is  filled  with  a  yellow  albuminous 
fluid. 

AccordiDg  to  recent  researches  (Pfliiger,  His,  Waldeyer,  Koster,  and  others) 
the  development  of  ova  and  follicles  probably  takes  place  in  mammalia  and  man 
in  the  following  manner ; — 

The  connective-tissue  rudiment  of  the  ovary,  which  is  a  part  of  the  connec- 
tive tissue  of  the  WollHan  body,  is  covered  by  a  layer  of  cylindrical  cells  dis- 
tinct from  the  peritoneal  epithelium  ;  this  very  early  growing  thicker  inserts 
itself  into  the  simultaneously  gi-owing  stroma  of  connective  tissue.  By  this 
simidtaneous  growth  there  is  formed  in  the  ovarian  stroma  a  cavernous  sys- 
tem of  tubes  quite  filled  with  cells  (Valentin),  tbe  so-called  egg-tubes  ('  Eisch- 
liiuche'). 

Some  of  these  cells  distinguish  themselves  soon  by  their  size  and  appear- 
ance from  the  remainder  ;  these  are  the  ovum-cells  (according  to  Pfliiger  pri- 
mordial eggs,  which  by  further  division  form  ova).  Later  on,  the  tubes 
separate  into  divisions,  of  which  each  contains  one,  a  few  several  egg-cells, 
suiTouuded  by  the  smaller  cells  of  the  granulosa;  in  these  divisions,  i.e.  in  the 
rudiments  of  the  follicles,  between  the  cells,  there  is  formed  a  cavity  filled  with 
liquid,  which  extends  around  and  divides  the  cells  into  one  set  which  lies  in 
contact  with  the  wall  of  the  follicle  {membrana  grantUosa),  and  into  another 
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which  remains  in  relation  with  the  other,  'but  which  surrounds  the  ovum  (cumu- 
lus proligerus)  which  is  now  placed  peripherically. 

During  their  maturation  the  ova  acquire  their  zona  pellucida  and  food-yolk, 
toth  of  which  are  presumably  products  of  the  layer  of  cells  of  the  granulosa 
which  lie  immediately  in  contact  with  the  egg  (this  layer  is  distinguished  by  the 
cylindrical  form  of  the  cells). 

In  cases  where  the  food-yolli  consists  of  cells,  these  are  derived  from  the 
membrana  granulosa,  and  have  wandered  through  the  zona.  In  the  bird's  egg 
all  the  cells  of  the  membrana  granulosa  wander,  and  the  yolk  represents  the 
entire  follicle. 

At  determined  intervals  one  or  more  of  the  follicles  of  the 
ovary  reach  maturity,  i.e.  their  size  and  the  distension  of  their 
"walls  increase  so  much,  in  consequence  of  the  augmentation  of 
their  fluid  contents,  that  they  burst.  As  the  follicles  in  ripening 
always  approach  the  surface  of  the  ovary,  and  as  they  lie  before 
their  rupture  immediately  beneath  the  capsule  of  connective  tissue 
which  invests  the  organ,  the  fluid  contents,  together  with  the  ovum 
•embedded  in  the  cells  of  the  cumulus  'proligerus,  would  be  ex- 
truded immediately  into  the  abdominal  cavity.  As,  however, 
before  the  rupture  of  the  follicle,  the  fimbriated  extremity  of  the 
fallopian  tube  is  so  apposed  to  the  surface  of  the  ovary  that,  cup- 
like, it  embraces  the  follicle,  the  ovum  enters  the  canal  of  the  Fal- 
lopian tube,  and  is  impelled  through  it  into  the  uterus  by  the  out- 
wardly directed  movements  of  the  cilia  of  the  epithelium  which 
lines  the  tube. 

The  process  of  liberation  of  the  ovum  is  associated  with  a  capil- 
lary haemorrhage  from  the  uterine  mucous  membrane,  which  con- 
stitutes the  phenomenon  of  '  menstruation.'  The  liberation  of  ova 
occurs  in  woman  during  the  whole  period  of  her  sexual  life,  except 
during  pregnancy  and  lactation,  at  intervals  of  twenty-eight  days, 
the  haemorrhage  continuing  for  several  days.  Usually  only  one 
ovum  is  extruded  at  a  time  ;  rarely  two  or  more  are  liberated. 

In  mammalia  the  liberation  of  ova  (rut  or  heat)  occurs  more 
seldom,  viz.  once  or  several  times  in  the  year,  but  in  them  several 
ova  are  generally  thrown  off  within  a  short  period :  in  their  case, 
too,  a  discharge  of  blood  takes  place  from  the  organs  of  genera- 
tion. 

The  object  of  the  haemorrhage  appears  to  be  to  stimulate  the 
uterine  mucous  membrane,  so  as  to  favour  the  reception  of  the 
ovum  in  the  event  of  its  being  impregnated  (Pfliiger).  In  sup- 
port of  this  view  may  be  cited  the  fact  that,  in  animals  which 
possess  several  placental  sites,  at  the  time  of  '  heat,'  blood  merely 
exudes  from  those  sites. 

The  broken  and  emptied  Graafian  follicle,  which,  at  most, 
contains  a  drop  of  blood  which  has  entered  it  during  the  process 
of  rupture,  undergoes  special  changes,  some  of  which  commence 
before  the  rupture.  The  cells  of  the  membrana  granulosa 
increase  first,  and  become  filled  with  a  yellow  fat,  whilst  the 
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capsule  becomes  less  and  less  distinguishable  from  the  stroma  of 
the  ovary. 

Thus  originates  the  corpus  luteum,  which  progressively  recedes 
into  the  interior  of  the  ovary.  After  it  has  attained  a  certain  size 
(generally  before  the  commencement  of  the  succeeding  menstrua- 
tion, for  one  generally  finds  but  one  corpus  luteum  in  the  ovary)  it 
shrivels  into  a  cicatrix,  which  soon  becomes  imperceptible,  and  which 
sometimes  contains  crystals  of  hsematoidin,  which  are  derived  from 
the  extra vasated  blood.  At  the  place  where  the  ovarian  capsule  was 
broken  there  also  remains  a  cicatrix,  so  that,  as  life  advances,  the 
originally  smooth  surface  of  the  ovary  becomes  more  and  more 
puckered.  During  pregnancy  the  last  formed  corpus  luteum  is 
developed  much  more  slowly,  and  reaches  a  much  greater  size,  so 
that  before  the  periodical  liberation  of  ova  was  known  such  were 
alone  spoken  of  as '  corpora  lutea  vera.' 

The  blood  which  is  separated  during  menstruation  is  mixed 
with  uterine  mucus,  with  epithelium  cells,  and  mucous  corpuscles ; 
it  is  probably  to  this  admixture  that  the  menstrual  blood  owes  its 
decided  alkalinity,  and  its  inability  to  coagulate. 

Tlie  processes  which  go  on  during  menstruation  are  yet,  in  many  respects, 
obscure  ;  no  sufficient  explanation  has  yet  been  given  of  the  cause  of  the 
periodic  matm-ation  of  the  follicles,  nor  of  its  relation  to  the  external  h£emor- 
rhage,  rpr  of  the  peculiar  course  which  the  follicles  follow  in  the  ovary  before 
and  after  their  ruptiu'e,  but  especially  concerning  the  mode  in  which  the  apposi- 
tion of  the  Fallopian  tube  to  the  ovary  takes  place.  The  discovery  of  specially 
arranged  unstriped  muscular  fibres  in  tlie  fold  of  peritoneum  which  supports  the 
uterus,  the  Fallopian  tubes,  and  the  ovaries  (Rouget)  appears  to  ofler  an  ex- 
planation for  the  majority  of  these  phenomena.  These  muscular  fibres  must,  in 
the  fii'st  place,  bring  about  the  apposition  of  the  orifices  of  the  tubes  to  the 
ovary,  and  in  the  sesond  place,  by  compressing  the  venous  trunks,  lead  to  a 
stasis  of  blood  in  the  organs  of  generation ;  the  consequence  of  this  must  be  to 
cause  a  kind  of  erection  in  the  vessels  the  structure  of  which  is  similar  to  that 
of  the  coiyora  cavernosa,  leading  to  a  hsBmorrhage  within  the  uterus,  but  in  the 
ovary  to  an  increase  in  the  contents  of  a  follicle  due  to  the  transudation,  and 
ultimately  to  the  bursting  of  the  follicle. 

The  further  changes  which  the  liberated  ova  undergo  will  be 
discussed  farther  on,  when  the  results  brought  about  by  impregna- 
tion are  considered. 


Formation  of  Semen. 

Human  semen  in  the  condition  in  which  it  is  evacuated  is  a 
very  tough,  white,  alkaline  fluid,  possessed  of  peculiar  odour,  and 
assuming  a  more  fluid  consistence  when  exposed  to  air.  It  is  a 
mixture  of  the  secretions  of  the  glands  which  empty  themselves 
in  the  excretory  passages,  with  the  original  secretion  from  the 
testicles  ;  the  latter  is  alkaline  or  neutral,  is  destitute  of  smell, 
and  dries  more  readily. 
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The  semen  contains  a  large  number  of  seminal  corpuscles, 
about  0-05°'°'  long,  tbe  body  of  which  is  almond-shaped  and 
terminates  in  a  tapering  tail.  The  movements  of  the  sperma- 
tozoids  are  pendulum-like  or  wave-like  vibrations  of  the  tail,  by 
which,  the  body  is  driven  forward  in  a  straight  line,  at  a  rate  vary- 
ing between  O-OS""""  and  0-15'"'^  in  the  second,  until,  meeting  with 
an  obstacle,  its  direction  is  altered.  The  movement  of  sperma- 
tozoa is  most  rapid  in  semen  which  has  just  been  evacuated ;  it 
is  slow  or  absent  in  semen  from  the  testicle.  The  duration  of 
the  movement  depends  upon  a  variety  of  circumstances,  which, 
in  general,  are  the  same  as  those  which  influence  the  ciliary 
motion. 

The  motion  of  spermatozoids  continues  longest  in  fluids  the 
concentration  of  which  is  the  same,  or  very  nearly  the  same,  as 
that  of  semen,  and  is  especially  active  in  the  secretion  of  the 
seminal  passages  (as  in  the  prostatic  secretion,  Cowper's  secretion, 
&c.),  as  well  as  in  that  of  the  female  genital  organs.  The  motion 
very  soon  ceases  in  very  dilute  fluids,  in  water  and  in  saliva. 
Quite  independently  of  the  state  of  concentration,  the  following 
substances  arrest  the  secretion :  many  metallic  salts,  mineral  acids, 
alcoholic  and  ethereal  substances,  &c.  On  the  contrary,  the  caustic 
alkalies  under  certain  circumstances  restore  the  arrested  move- 
ments of  spermatozoa.  The  cause  of  these  movements  is  quite 
unknown ;  some  consider  the  head  to  be  the  active  organ  of  move- 
ment (Grrohe),  and  others  the  tail  (Schweigger-Seidel,  v.  La  Valette 
St.  Greorge)  ;  the  relations  between  the  movements  of  spermatozoa 
and  those  of  protoplasm  and  of  cilia  have  already  been  spoken  of 
in  Chapter  VIII. 

The  principal  chemical  constituents  of  the  semen  are  :  albumi- 
nous bodies,  protagon,  fats,  water,  and  salts  (potassium  salts, 
phosphates). 

Tlie  fonnation  of  semen  takes  place  in  the  testicle,  the  cells  of  the  '  seminal 
tuhes'  furnishing  the  spermatozoa.    The  statements  relating  to  the  formation  of 
the  latter  in  man  are  not  yet  certain.    Most  prohaHy  several  or  many  sperma- 
tozoa originate  in  one  cell,  from  nucleated  oval  vesicles,  of  which  each  one 
develops  at  one  end  the  tail  of  a  spermatozoon  ;  ultimately  the  parent  cell  falls 
to  pieces,  setting  free  the  spermatozoa;  occasionally  fragments  of  the  cell 
remain  connected  with  the  spermatozoa  and  admit  of  being  recognised 
(KoUiker).    According  to  other  observers  the  semen-forming  cells  possess  but 
one  nucleus,  and  the  nucleus  grows  as  the  head  of  the  spermatozoid  out  of  one 
side  of  the  cell,  whilst  opposite  to  it  the  protoplasm  of  the  cell  grows  out  as  the 
tail  of  the  spermatozoid  (v.  La  Valette  St.  George).    The  semen-forming  cells 
originate  by  division  from  the  glandular  cells,  which  lie  in  the  axis  of  the  tubuli 
seminiferi  (lately  different  statements  have  been  made  on  this  matter,  which  are 
however,  doubtful).    The  fluid  part  of  the  semen  originates  by  unknown  secre- 
toiy  processes  in  the  tubuli  seminiferi ;  in  all  probability  the  specific  consti- 
tuents of  the  fluid  proceed  from  the  same  cells  which  furnish  the  spermatozoa. 
The  spermatozoa  of  the  tubuli  seminiferi  exhibit  either  no  movements  or  only 
slight  ones.  The  formation  of  semen  appears  to  proceed  continuously.  Nothing 
is  known  in  reference  to  the  nerves  which  preside  over  this  secretion. 
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The  semen,  when  formed,  after  it  has  passed  through  the 
spongy  cavities  of  the  '  corpus  Highmori '  and  the  canals  of  the 
epididymis,  is  carried  by  the  vas  deferens  into  the  vesiculce 
seminales,  where  it  accumulates.  On  its  way  it  mixes  with  the 
secretion  of  the  mucous  membrane  of  the  vas  deferens,  the  inferior 
extremity  of  which  presents  racemose  glands,  as  well  as  with  the 
secretion  of  the  vesiculse  seminales. 

The  emission  of  semen  takes  place  by  reflex  action  through 
irritation  of  the  penis,  during  sexual  intercourse,  during  sleep 
under  the  influence  of  weak  irritations  associated  with  voluptuous 
dreams  (seminal  emissions  caused  by  pressure  of  urine). 

Under  normal  circumstances,  erection  of  the  penis  must  pre- 
cede emission  of  semen,  i.e.  the  three  corpora  cavernosa  become 
filled  with  blood,  so  that  the  penis  becomes  lengthened  and  stifi- 
ened,  and  assumes  a  rounded  prismatic  form ;  at  the  same  time  it 
becomes  erect,  and  slightly  concave  on  its  dorsal  surface.  The 
nature  of  erection  has  not  yet  been  sufficiently  made  out. 

The  corpora  cavernosa  constitute  a  communicating  system  of 
cavities,  in  which  open  the  finest  twigs  of  the  arteries  which  run  in 
the  septa,  and  from  which  the  veins  proceed.  As  the  septa  con- 
tain smooth  muscular  fibres,  and  can  therefore  actively  alter  the 
lumen  of  the  corpora  cavernosa,  two  explanations  of  erection  are- 
possible,  viz. :  1.  The  flow  of  blood  out  of  the  corpora  cavernosa 
may  be  hindered  by  compression  of  the  efi'erent  veins.  2.  An 
increased  flow  of  blood  into  the  corpora  cavernosa  may  occur  by 
the  cessation  of  a  tonic  contraction  which  is  present  during  rest 
(Kolliker). 

Both  phenomena  appear  actually  to  occur,  as  the  following 
experiments  prove  :  1 .  Diminution  of  a  tonic  contraction  of  blood- 
vessels ;  in  the  dog  irritation  of  the  nervi  engentes  (fibres  which 
proceed  from  the  sciatic  to  the  hypogastric  plexus)  causes  erection 
(Eckhard).  During  this  irritation  any  arteries  of  the  penis  which 
may  have  been  cut  across  bleed  more  freely  (Loven) ;  erection  can 
therefore  not  merely  be  due  to  a  hindered  efflux  of  blood,  but  it 
must  depend  upon  the  abolition  of  a  contraction  of  vessels,  the 
mechanism  of  which  is  not  known ;  the  pressure  of  blood  in  the 
vessels  of  the  penis,  even  during  the  strongest  erection,  only 
amounts  to  one-sixth  of  the  pressure  in  the  carotid  artery  (Loven). 
The  action  of  the  nerves  which  influence  erection  may  be  placed 
side  by  side  with  that  which  the  fibres  of  the  chorda  tympani  exert 
on  the  salivary  glands. 

The  vaso-motor  nerves  of  the  penis  are  contained  in  the 
pudendal  nerve  and  in  the  nervi  dor  sales  penis ;  a  section  of 
these  alone  does  not  cause  erection ;  it  however  prevents  erection 
in  the  future  (Hausmann  and  Griinther). 

2.  A  compression  of  the  efi'erent  veins  appears  to  occm-,  espe- 
cially when  erection  is  at  its  height ;  this  is  effected  (a)  by  the 
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m.  transversus  perinsei,  through  which  the  veniB  profundse  pass 
(Henle)  ;  {h)  by  trabecular  projections,  composed  of  smooth  mus- 
cular fibres,  into  the  veins  which  compose  the  plexus  Santorini 
(Langer)  ;  (c)  by  the  ven{B  profundse  themselves  passing  through 
the  corpora  cavernosa  (Langer).  The  immediate  centre  which 
presides  over  erection  appears  to  exist  in  the  lumbar  portion  of  the 
spinal  cord  (Groltz).  After  cutting  across  the  cord  between  the 
cervical  and  dorsal  regions,  mechanical  irritation  of  the  penis  of 
dogs  still  leads  to  reflex  erection  (strong  irritation  of  sensory 
nerves  prevents  this,  as  it  does  other  reflex  actions),  though  not 
after  destruction  of  the  lumbar  portion  of  the  cord.  The  brain  is 
in  connection  with  this  centre,  as  results  from  the  fact  that  erec- 
tion of  the  penis  is  brought  about  by  psychical  conditions,  further 
that  it  follows  irritation  of  the  crura  cerebri,  of  the  cervical  por- 
tion of  the  cord  (Segalas,  Budge,  Eckhard).  Erection  often  occurs 
in  persons  who  die  by  hanging. 

The  arteries  whicli  lead  to  tlie  corpora  cavernosa  ('lielicine  arteries')  follow 
a  very  curved  course,  so  that  a  great  increase  in  the  volume  of  the  penis  may 
occur  without  any  dragging  of  the  arteries. 


Sexucd  Intercourse. 

Whenever  the  sexual  passion  is  excited,  erection  sets  in,  and  it 
precedes  the  emission  of  semen.  The  latter  phenomenon  only 
occui'S  after  mechanical  irritation  of  the  penis,  as  occurs  during 
sexual  intercoui'se  by  its  friction  against  the  rugose  walls  of  the 
vagina.    It  therefore  occurs  as  a  reflex  movement. 

The  emission  of  semen  from  the  vesiculse  seminales  into  the 
iirethra  probably  occurs  by  peristaltic  contraction  of  the  vas 
deferens  and  vesiculse  seminales,  whilst  the  emission  from  the 
urethra  is  the  result  of  rhythmical  contractions  of  the  bulbo-  and 
ischio-cavemous  muscles.  The  passage  to  the  bladder  is  shut  off 
by  the  erection  of  the  '  caput  gallinaginis,'  which  at  the  same  time 
prevents  the  passage  of  urine  during  erection.  The  secretions 
from  the  prostate  and  from  Cowper's  glands  mingle  with  the  semen 
which  is  excreted.  Even  in  the  genital  organs  of  woman,  as  a 
result  of  the  sensory  irritation  which  takes  place  during  coitus, 
certain  reflex  movements  occur,  which  probably  further  the  passage 
of  semen  into  the  most  internal  organs.  Amongst  such  move- 
ments have  been  surmised  the  assumption  of  a  more  perpendicular 
position  of  the  uterus,  which  is  perhaps  due  to  an  erection  of  this 
organ  (Rouget),  and,  probably,  peristaltic  movements  of  the  uterus 
and  Fallopian  tubes,  taking  place  in  the  direction  of  the  ovaries 
(such  movements  have  at  any  rate  been  observed  to  occur  in  the 
lower  animals).  Sucli  movements  would  explain  how  a  portion  of 
the  semen  is  conducted  to  the  ovary,  in  spite  of  the  movements  of 
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the  ciliated  epithelium,  which  are  opposed  to  its  passage,  as  the 
irregular  movements  of  the  spermatozoa  could  not  be  utilised  in 
ejecting  the  passage  upwards.  After  emission  of  semen  erection 
V3ry  soon  ceases,  as  well  as  the  psychical  and  physical  excitement 
which  accompanies  it ;  the  latter  disappears  more  rapidly  in  man 
than  in  woman.  In  both  sexes  there  ensues  an  exhaustion,  which 
continues  for  some  time. 

Impregnation. 

The  seat  of  contact  between  ovum  and  semen  has  not  yet  been 
determined  with  certainty,  but  in  all  probability  it  occurs  gene- 
rally in  the  ovary  itself,  or  in  the  vicinity  of  the  Fallopian  tubes, 
seeing  that  in  mammalia,  after  intercom'se  has  taken  place,  the 
surface  of  the  ovaries  is  generally  covered  with  spermatozoids 
(Bischoff)  ;  in  this  way  is  to  be  explained  the  occasional  occmrence 
of  ovarian  and  abdominal  pregnancies.  Closely  connected  with 
this  question  is  the  one  as  to  whether,  with  sexual  intercourse, 
there  is  associated  a  liberation  of  ova  similar  to  that  which  occurs 
during  menstruation,  or  whether,  in  fertile  coitus,  only  the  ova 
which  are  liberated  before  or  after  menstruation  are  impregnated. 
In  favour  of  the  latter  view  is  the  analogy  with  mammalian 
animals  which  can  only  be  impregnated  during  the  '  period  of 
heat.'  As  the  human  female  can  be  impregnated  at  any  time,  we 
must,  if  intercourse  cannot  effect  a  liberation  of  ova,  suppose  that 
either  the  still  present  ovum  of  the  last  menstruation  remains 
capable  of  fertilisation,  and  is  actually  impregnated,  or  that  the 
semen  remains  in  the  female  generative  organs,  perhaps  even  in 
contact  with  the  ovary,  until  the  next  ovum  is  liberated,  and  is 
still  able  to  fertilise  it.  Probably  both  processes  occm*.  Concern- 
ing the  process  of  impregnation  and  the  tirst  stages  of  develop- 
ment, there  exist,  in  the  case  of  man,  no  direct  observations.  We 
are  therefore  here  compelled  to  reason  by  analogy  from  the  other 
mammalia,  as  must  necessarily  be  done  in  the  exposition  which  is 
to  follow  of  the  processes  of  development.  The  youngest  fecun- 
dated ova  obtained  as  a  result  of  miscarriage,  or  of  the  death  of 
the  mother,  exhibit  only  tolerably  advanced  stages  of  develop- 
ment. 

The  impregnated  egg  is  most  probably  impelled  by  the  ciliary 
motion  of  the  mucous  membrane  of  the  Fallopian  tube  into  the 
uterus,  to  the  mucous  membrane  of  which  it  attaches  itself,  and  in 
which  it  is  usually  found  embedded.  Presumably  the  process 
proceeds  in  such  a  manner  that  the  sm-rounding  parts  of  the 
mucous  membrane  increase  in  size,  and  grow  over  the  ovum,  the 
portion  which  has  grown  over,  which  is  called  the  '  decidua 
reflexa,'  increasing  in  size  with  the  ovum. 

According  to  another  view  the  ovum  places  itself  behind  the 
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uterine  mucous  membrane  (decidua  vera),  and  thrusts  it  before 
itself ;  according  to  Funke,  the  process  consists  in  the  ovum  sink- 
ing into  a  uterine  gland,  as  is  really  the  case  in  the  guinea-pig, 
.and  perforating  its  base. 

At  a  later  stage  of  development,  after  the  embryonal  vessels 
have  been  formed,  an  intimate  interlacement  with  those  of  the 
mother  takes  place  (placenta).  The  excessive  development  of  a 
■corpus  luteum  (verum)  during  pregnancy  points  to  the  periodic 
liberation  of  ova  being  interrupted  by  it.  The  interruption  usually 
continues  during  lactation,  as  is  evidenced  by  the  fact  that  men- 
struation usually  is  absent,  and  especially  because  fresh  corpora 
lutea  are  usually  not  formed  in  suckling  women. 

An  incipient  formation  of  a  decidua  appears  to  occur  witli  each  liberation  of 
an  OTum,  the  uterine  mucous  memhrane  being  swollen  ;  and  this  appears  to  be 
the  cause  of  the  menstrual  haemorrhage  (Pfliiger). 


C.  DEVELOPMENT  OF  THE  OVUM  IN  THE 
MAMMALIA  AND  MAN. 

Segmentation.  • 

The  first  process  in  the  development  of  the  ovum  is  that  of 
segmentation. 

It  begins  in  mammalia  as  early  as  a  few  hours  after  the  contact 
of  the  semen  with  the  ovum,  or  after  the  entrance  of  the  sperma- 
tozoids  into  the  yolk  (perhaps  even  earlier),  sq  that  the  ovum  only 
reaches  the  uterus  at  a  tolerably  late  stage  of  development.  Seg- 
mentation consists  in  a  progressive  cell-division,  by  which  each 
spherical  cell  splits  up  into  two  half-spheres.  Whether  the  first 
cell  is  identical  with  the  '  germ- cell '  (with  the  principal  yolk),  or 
whether  it  first  originates  by  transformations  of  that  cell,  is 
doubtful,  and  the  same  remark  applies  to  the  germinal  vesicle, 
which  is  invisible  before  segmentation,  as  well  as  to  the  manner  of 
cell-division  and  the  division  of  the  nucleus. 

Segmentation  proceeds  very  rapidly  (its  duration  in  man  is 
unknown  ;  in  the  rabbit  it  lasts  some  days,  and  in  the  dog  more 
than  eight  days)  and  furnishes  in  the  end  a  large  number  of  small, 
spheiical,  strongly  refracting  cells,  which  together  present  a  mul- 
berry-like appearance. 

During  segmentation  the  ovum,  whilst  in  the  Fallopian  tube,  loses  the  disem 
jn-oliijo-us,  and  either  surrounds  itself,  as  the  rabbit's  ovum,  with  accessory 
envelopes,  or  the  zona  pellucida  first  receives  in  the  uterus  (as  in  the  human 
subject)  the  first  envelope  of  fine  radially  arranged  villi,  which  ramify  and  form 
a  thick  villous  covering  around  the  ovum  ;  the  zona  then  receives  the  name  of 
chorion  (frondosum). 
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Rudiment  of  the  Embryo. 

The  disposal  of  the  cells  which  have  been  produced  in  the  pro- 
cess of  segmentation  for  the  piu-pose  of  building  up  the  embryo 
commences  with  the  deposition  of  their  greater  part  on  the  inside 
of  the  zona  pellucida,  to  form  a  closed  membrane  which  is  called 
the  germ- vesicle  ('  Umhulluotgshaut,'  Reichert).  At  a  certain 
part  of  the  membrane  a  more  considerable  accumulation  of  cells 
takes  place,  destined  directly  for  the  formation  of  the  embryo,  and 
this  is  called  '  the  germinal  area.'  The  cavity  which  results  from 
the  deposition  of  cells,  as  well  as  from  the  enlargement  of  the 
ovum,  is  filled  with  fluid,  or  in  eggs  which  possess  a  food-yolk,, 
contains  the  latter. 

In  order  to  understand  the  development  of  the  embryo  a  some- 
what different  consideration  of  the  fully  developed  animal  body 
than  that  usually  given  by  descriptive  anatomists  is  requisite. 
Let  us  conceive  a  mammal  with  a  short  straight  alimentary  canal, 
and  let  us  lose  sight  of  all  glandular  organs  ;  the  body  may  then 
be  considered  as  a  tube,  the  lumen  of  which  is  the  lumen  of  the 
alimentary  canal  and  the  wall  of  which  is  composed  of  many  con- 
centric layers,  viz.  (from  within  outwards)  :   intestinal  mucous 
membrane,  muscular  coat  of  intestine,  serous  coat  of  intestine, 
parietal  layer  of  peritoneum,  muscular  layer  of  trunk,  osseous 
layer  of  trunk,  skin  covering   trunk.     All  these  layers  grow 
together ;  only  between  the  visceral  and  parietal  layers  of  the 
peritoneum,  up  to  the  mesentery  situated  in  the  middle  line 
behind,  there  is  no  fusion,  but  a  cavity,  the  pleuro-peritoneal 
cavity,  which  is,  however,  empty,  so  that  its  walls  are  always  com- 
pletely in  contact  with  one  another.    The  ideal  tube  which  we  are 
imagining  possesses  complete  symmetry.    Its  extremities,  which 
have  no  openings,  may  be  looked  upon  as  bulky  outgrowths  from 
the  external  wall  of  the  tube. 

The  embryonic  development  of  the  tube  takes  place  in  general 
in  the  following  manner :  the  wall  arises  in  the  commencement  as 
a  flat  thickening  of  the  first-formed  germ  vesicle  which  everywhere 
surrounds  the  ovum  ;  this  thickened  spot  splits  up  by  degrees  into 
the  different  layers  which  correspond  to  the  strata  in  the  wall  of 
the  ideal  tube. 

The  cavity,  however  (the  intestinal  cavity),  is  a  part  of  the 
germ-vesicle,  which  separates  from  the  rest  by  the  tliickened  por- 
tion of  the  vesicle — that  which  is  to  form  the  wall  of  the  embryo 
— partly  shutting  itself  ofi"  from  the  rest  of  the  vesicle,  in  the  form 
of  a  lengthened  tube.  The  main  portion  of  the  germ-vesicle 
(which  is  not  included  within  the  embryo)  is  then  called  the 
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umbilical  vesicle,  and  the  canal-shaped  communication  which  by 
the  ever  increasing  constriction  becomes  progressively  narrower, 
and  establishes  a  communication  between  the  cavity  in  the  embryo 
(intestinal  cavity)  and  that  of  the  umbilical  vesicle,  is  called  the 
umbilical  duct  or  '  ductus  vitello-intestinalis  seu  omphalo- 
entericus.'  The  ultimately  ring-shaped  place  of  constriction  is 
the  navel ;  as  the  thickening  and  even  the  division  into  layers  of 
the  germ-vesicle  does  not  limit  itself  to  the  portion  which  becomes 
constricted,  but  extends  beyond  the  point  of  constriction  towards 
the  peripheral  parts  of  the  vesicle,  it  follows  that  even  the  wall  of 
the  navel  consists  of  several  embryonic  layers. 

The  formation  of  layers  over  the  germinal  area  of  the  germ- 
vesicle,  which,  in  great  part,  begins  even  before  the  commence- 
ment of  the  shutting  off  of  the  embryonic  cavity,  is  variously 
described.  Only  one  view,  which  in  the  main  is  Eemak's,  will 
here  be  given ;  the  others  will  be,  however,  cursorily  examined. 

Three  layers — the  three  layers  of  the  blastoderm — form  in  the 
smooth  at  first  oval,  then  hom-glass-shaped  thickening  of  the 
germ-vesicle.  The  most  external  or  uppermost — '  the  epiblast,'' 
the  sensory  layer — is  the  seat  of  the  cutaneous  epithelium  with  its 
appendages,  the  glands  of  the  skin,  and  of  the  central  organs  of 
the  nervous  system  (brain  and  spinal  cord)  with  its  appendages^ 
the  organs  of  the  senses. 

The  central  nervous  system  originates  in  the  central  (axial) 
part  of  this  layer  in  the  so-called  medullary  folds ;  the  epithelium 
of  the  skin  is  formed  from  the  peripheral  part  or  '  corneal  layer  ^ 
of  the  epiblast. 

The  innermost  of  the  three  layers  of  the  blastoderm — 'the 
hypoblast^ — is  the  seat  of  the  intestinal  epithelium  with  its 
appendages,  viz.  the  epithelium  and  the  glandular  cells  of  the 
glands  which  open  into  the  intestine.  Between  the  epiblast  and 
the  hypoblast  lies  the  mesoblast,  the  motor  and  germinative  layer 
from  which  all  the  rest — all  the  parts  of  the  body  wliich  consist  of 
connective  tissue,  muscles,  vessels,  and  nerves,  as  well  as  the 
urinary  and  generative  organs — are  formed.  This  layer  splits  up 
very  early  into  two  plates  ;  the  external  forms  the  wall  of  the 
trvmk,  the  internal  forms  the  wall  of  the  intestine,  with  the  ex- 
ception of  the  epithelium;  the  space  between  these  secondary 
layers  constitutes  the  already  mentioned  ^pleuro-jperitoneal  cavity.'' 
Inasmuch  as  the  division  into  these  two  layers  is  arrested  in  the 
middle  line,  there  is  here  established  a  fusion  between  the  wall  of 
the  trunk  and  of  the  intestine,  and  this  is  the  seat  of  the  mesen- 
tery (compare  below,  fig.  70,  II.,  Ill,,  IV.) 
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Processes  of  Development  in  the  Germinal  Area. 

In  each  of  the  three  layers  of  the  blastoderm  there  follow, 
in  addition  to  the  already  mentioned  process  of  constriction, 
•certain  processes  of  development  by  which  they  undergo  trans- 
formation. 

The  chief  of  these  processes  are :  1.  In  the  epiblast  the  lamincn 
dorsales  or  medullary  folds  separate  from  the  corneal  layer  and 
form  a  tube.  2.  In  the  mesoblast  the  first  commencement  of  a 
skeleton  takes  place ;  further,  the  division  already  alluded  to  and 
the  formation  of  a  vascular  system  commences.  3.  From  the 
epiblast  and  hypoblast  processes  of  epithelium  grow  into  the 
tissues  from  out  of  the  middle  layer,  so  that  there  are  formed 
hollow  processes  which  are  in  part  enclosed  in  the  body  cavity, 
-and  form  glands. 

Epiblast. 

1.  The  first  process  to  be  mentioned  is  the  one  which  first 
■occurs.  In  tlie  centre  of  the  medullary  fold  a  longitudinal  groove 
is  formed,  dividing  it  into  two  symmetrical  halves,  which  curve 
towards  one  another,  drawing  over  themselves  the  corneal  plates 
which  are  attached  to  them.  The  cause  of  this  is  the  growing 
forwards  of  the  processes  of  the  middle  layer,  wMch  tend  to  press 
themselves  between  the  medullary  plates,  which  are  curved  towards 
■one  another,  and  the  corneal  plate.  Ultimately  the  medullary 
folds  are  closed,  so  as  to  form  the  medullary  tube,  and  the  corneal 
plates  still  attached  to  the  point  of  luiion  are,  finally,  completely 
separated  from  it  by  the  union  of  the  two  lateral  appendages  of 
the  middle  layer,  in  such  a  manner  that  the  medullary  tube  is 
thenceforward  entirely  enveloped  in  a  prolongation  of  that  layer. 
This  envelope  forms  the  spinal  arch,  together  with  the  muscles, 
the  ligaments,  and  the  skin  of  the  back  (which  last  receives  a 
covering  from  the  corneal  layer,  viz.  the  epidermis),  and  at  the 
anterior  extremity  (head)  the  cranial  capsule. 

The  medullary  tube  becomes  the  spinal  cord  and  brain ;  its 
interior  is  converted  into  the  central  canal  of  the  cord,  with  its 
connection  in  the  brain — the  so-called  ventricles  of  the  brain 
(compare  below,  fig.  70,  II.,  III.,  IV.) 

Mesoblast. 

2.  The  simultaneous  phenomena  of  development  which  take 
place  in  the  mesoblast  concern  the  vertebral  system. 

The  centre  of  this  system  is  a  streak  which  is  very  early 
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developed,  and  which  runs  in  the  median  plane  of  the  embryo, 
and  which  is  called  the  '  chorda  dorsalis.'  On  each  side  of  this 
there  appear  two  longitudinal  plates,  the  protovertebral  plates, 
which  by  transverse  lines  subdivide  themselves  into  a  number  of 
protovertebrce.  The  remainder  of  the  mesoblast,  so  far  as  it 
belongs  to  the  germinal  area,  forms  '  the  lateral  plates.'  The 
protovertehrcB  undergo  the  following  changes:  they  develop  'spinal 
processes,'  the  influence  of  which  upon  the  formation  of  the  canal 
of  the  cerebro-spinal  organs  and  upon  the  union  between  this  and 
the  separated  corneal  plates  has  already  been  mentioned.  Inter- 
nally the  proto  vertebrae  grow  around  the  chorda  dorsalis  (see 
below,  fig.  70,  11.,  and  following). 

Their  substance  is  converted  into  various  tissues,  viz.  into  the 
vertebral  column  with  its  appendages,  into  the  ribs  and  the 
miiscles  pertaining  to  them,  into  the  spinal  nerves  and  the  skin  of 
the  back.  The  bodies  of  the  vertebrae  originate  in  the  part  which 
surrounds  the  notochord  in  such  a  manner  that  in  the  middle 
section  of  each  protovertebra  there  is  formed  an  intervertebral 
cartilage,  and  from  the  fusion  of  adjacent  halves  of  the  proto- 
vertebrae  a  persistent  vertebral  body  originates. 

In  the  lateral  plates  there  occurs  further  the  already  mentioned 
splitting  up  of  the  embryonal  wall  into  the  two  layers  ;  the  in- 
ternal attaches  itself  to  the  hypoblast,  and  forms  with  it  the 
splanchnopleure,  the  external  attaches  itself  to  the  epiblast,  and 
forms  with  it  the  somatopleure.  The  separation  between  these 
two  layers  forms  the  pleuro-peritoneal  cavity;  the  internal  un- 
divided edges  of  the  lateral  plates,  advancing  together  little  by 
little  on  the  ventral  side  of  the  vertebral  column,  form  the  so- 
called  middle  plates,  which  are  the  foundation  of  the  mesentery, 
and  foetal  urinary  and  generative  organs.  The  former  of  these 
two  sets  of  organs  originate  as  a  string-like  thickening  of  the 
middle  plates,  which  later  on  becomes  hollow ;  according  to  some 
as  an  invagination  of  the  pleuro-peritoneal  cavity — the  Wolffian 
canal.  For  the  further  development  of  this  organ,  and  the  other 
urino-generative  organs,  see  below. 

The  third  process  which  takes  place  in  the  mesoblast  is  the 
development  of  the  vascular  system. 

This  system  first  originates  in  that  layer  of  the  mesoblast 
which  goes  to  form  the  splanchnopleure,  and  makes  its  way  out- 
wards in  the  yet  undivided  peripheral  part  of  the  mesoblast.  The 
manner  in  which  the  vessels  and  the  blood  are  formed  has  not 
been  accurately  determined,  yet,  according  to  the  majority  of 
statements,  it  occurs  as  follows  :  cellular  trabecute  are  interwoven 
so  as  to  form  a  network ;  the  peripheral  layers  of  cells  are  then 
converted  into  vascular  parietes,  and  the  contained  cells  become  at 
first  colom-less  nucleated  blood-corpuscles.  According  to  a  new 
view  (Klein)  the  vessels  originate  in  cells  which  become  hollow, 
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which  lengthen  out  and  run  tog-ether,  and  from  the  nuclei  of  which 
the  blood-corpuscles  are  formed. 

The  area  over  which  blood-vessels  are  formed  is  considerable, 
occupying  an  important  circularly-bordered  portion  of  the  germ- 
vesicle^  which  is  called  the  area  vasculosa. 

Of  all  vessels  the  first  formed  is  the  Heart ;  it  originates  in 
the  most  anterior  part  of  the  splanchno-pleure  which  has  already 
become  closed  into  a  tube. 

The  following  may  serve  to  explain  tlie  position  of  the  heart :  the  amuion- 
fold  is  formed  more  rapidly  at  the  head  and  tail  than  at  the  sides.  At  a  certain 
stage  of  development  the  embryonal  wall  which  is  shutting  itself  off  from  the 
gei-m  vesicle  resembles  a  shoe  somewhat  trodden  down  at  hed  (see  fig.  70,  T.), 
the  free  borders  of  which  pass  into  the  main  part  of  the  germ-vesicle.  The 
opening  of  the  shoe  represents  the  still  widely  open  navel  \  the  shoe  cavity 
represents  the  interior  of  the  intestine.  Along  the  middle  line  of  the  sole  of 
the  shoe  (which  represents  the  dorsal  surface  of  the  embryo)  the  cerehro-spinal 
tube  would  be  sitiiated.  The  wall  of  the  shoe  is  throughout  double,  up  to  a 
streak  in  the  middle  line  of  the  sole  (the  mesentery) ;  at  the  end  of  the  shoe 
and  on  the  uppermost  part  of  the  anterior  layer  (the  shoe  being  supposed  to  be 
suspended  vertically  with  the  heel  downwards,  but  with  the  opening  towards 
the  observer)  the  wall  is  also  single,  the  body — and  intestinal — wall  being 
united.  This  unsplit  upper  part  of  the  anterior  wall  is  called  the  'pharyngeal 
jylatc,^  Fi'oui  the  cavity  of  the  germ-vesicle  one  may  pass  through  the  navel 
into  the  anterior  part  of  the  cavity  of  the  embryo,  which  has  now  already 
assumed  the  shape  of  a  tube  (this  part,  which  is  transformed  into  the  foreguf  , 
is  called  the  'fovea  cardiaca '),  as  well  as  into  the  posterior,  shallower,  '  foveola 
posteriori  Tliat  part  of  the  wall  of  the  'fovea  cardiaca'  which  is  directed 
towards  the  r/e/vyj-vesicle  (the  anterior  wall  of  the  hypothetical  shoe)  is,  below 
the  ' pharyngeal  plate,^  also  double  like  the  main  part  of  the  sole'.  Of  the  two 
la3'ers  the  inner  one  represents  the  anterior  wall  of  the  foregut,  and  the  external 
that  portion  of  the  pleuro-peritoneal  cavity  which  lies  in  front  of  the  intestine 
(refer  to  fig.  70,  L,  V.,  VIII.) 

The  heart  originates  in  the  median  line  anteriorly,  according 
to  some  (Remak),  as  a  cylindrical  thickening  of  the  anterior  wall 
of  the  foregut  (see  fig.  70,  V.,  VI.),  which  thickening  soon  becomes 
hollowed  out,  and  appears  to  be  in  connection  with  the  remaining 
vessels  ;  according  to  others  (Schenk,  Oellacher),  as  a  process  of 
the  wall  of  the  foregut,  which  shuts  itself  off  and  grows  forwards 
into  the  cavity  lying  in  front  of  the  intestine  referred  to  in  the 
preceding  paragraph.  The  vessels  which  are  connected  with  the 
lieart  are  to  be  followed  in  two  directions.  The  arterial  vessels 
commence  with  two  aortic  arches  starting  from  the  anterior  ex- 
tremity of  the  heart,  which  curve  inwards  and  backwards  along 
the  pharyngeal  plate  and  which,  separated  at  first  throughout  the 
length  of  the  chorda  dorsalis,  later  on  unite  to  form  the  aorta,  and 
terminate  in  the  arterise  iliaca3  communes. 

Instead  of  one  there  are  generally  several  (three)  aortic  trunks 
on  each  side,  which,  however,  again  unite  on  each  side  to  form  an 
aorta  or  aortic  root.  On  each  side  there  springs  from  the  aortse  a 
series  of  vertically  ascending  arteries,  which  run  on  the  sides  of 
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the  splanchnopleure,  and  which  go  to  the  area  vasculosa,  where 
they  ramify ;  these  are  called  the  omphalo-meseraic  arteries. 
Two  venous  trunks  pass  into  the  posterior  end  of  the  heart  through 
a  short  common  trunk ;  these  vessels  also  are  distributed  over  the 
area  vasculosa  and  are  called  the  omphalo-meseraic  veins.  ^ 

Both  the  above  sets  of  vessels  communicate  through  a  circular 
vessel  which  limits  the  area  vasculosa,  and  which  is  termed  the 
■sinus  terminalis  (see  fig,  70,  I.)  This  system  of  vessels  probably 
■serves  as  a  first  respiratory  apparatus,  as  well  as  to  convey  to  the 
foetus  the  nourishment  which  is  yielded  by  the  contents  of  the 
germ-vesicle.  It  disappears  early  in  proportion  as  the  contents  of 
the  vesicle  are  of  little  importance  in  nutrition,  and  is  at  a  later 
■stage  replaced  by  the  allantois,  which  subserves  the  same  functions. 
As  soon  as  it  is  formed  the  heart  begins  to  pulsate,  so  that  the 
TDlood-corpuscles  commence  at  once  a  somewhat  irregular  circula- 
tion through  the  newly-formed  vessels. 


Hypoblast. 

From  the  inner  layer,  the  development  of  which  commences 
latest,  processes  are  protruded  which  grow  into  that  part  of  the 
mesoblast  which  is  contained  in  the  splanchnoplem-e,'  and  form 
the  small  glands  of  the  alimentary  canal,  as  well  as  the  liver,  the 
pancreas,  and,  in  addition,  the  lungs  and  the  permanent  kidneys. 
It  is  easy  to  see  how  the  protrusion  of  the  hjrpoblast  must  form 
the  epithelium,  or  the  cells  of  a  glandular  canal,  whilst  the  in- 
vaginated  splanchnopleure  must  form  the  connective  tissue,  the 
blood-vessels,  the  nervous  and  the  muscular  surroundings  (the 
basis  of  the  gland).  If  the  protrusion  proceeds  so  far  that  even 
the  splanchnopleure  is  protruded,  as  in  all  large  glands,  the  pro- 
truded intestinal  wall  must  evidently  project  into  the  pleuro- 
peritoneal  cavity,  as  is  the  case  in  reality  with  all  the  glands 
which  open  into  the  intestine  and  which  are  surrounded  by  peri- 
toneum. 

The  liver  originates  by  the  protrusion  of  two  hollow  processes  (primitive 
hepatic  ducts)  from  the  foregut,  close  to  the  navel ;  the  finest  branches  form 
the  very  complex  network  of  hepatic  canals  which,  with  the  blood-vessels,  con- 
stitute the  parenchyma  of  the  hepatic  lobules.  The  larger  canals  are  the  biliary 
ducts,  and  a  projection  from  one  of  the  primordial  canals  forms  the  gall-bladder. 
The  liver  gi-o-ws  around  the  trunk  of  the  omphalo-meseraic  vein,  which  com- 
municates with  its  vessels.  One  of  the  intestinal  veins  which  enter  into  it,  and 
which  is  permanent,  forms  later  on  with  those  branches  t?ie  portal  vein. 

Opposite  to  the  liver,  and  starting  from  the  posterior  intestinal  wall,  there 
arises  by  ramifications,  and  afterwards  hollowing  out,  an  outgrowth  which  is  at 
first  solid — the  jx^ncreas. 


1  By  this  it  is  not  intended  to  ascribe  in  any  -way  an  active  part  to  the  epithelium  ;  it 
is  indeed  more  probable  that  the  in-gro'wth  of  epithelium  is  conditioned  by  the  gro'wth  of 
the  splanchnopleure. 
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A  further  double  projection  from  the  anterior  wall  of  the  intestine  but 
above  the  heart,  and  wliich  penetrates  the  pleuro-peritoneal  cavity,  forms  the 
lungs,  with  their  hrmichial  system,  the  entrance  to  the  lungs  being  therefore 
situated  in  the  foregut  (later  the  pharynx).  For  the  development  of  the  kid- 
neys see  p.  549.  Lastly,  the  thyi-oid  and  thymus  glands  have  to  be  considered  • 
the  first  arises  as  a  vesicular  outgrowth  from  the  anterior  wall  of  the  foregut' 
which  shuts  itself  off,  then  by  further  processes  of  development  divides  fnto 
two  symmetrical  cavities,  which  respectively  give  rise  to  secondary  cavities. 
The  thymus  gland  is  formed  in  a  similar  manner.  The  spleen,  lymphatic  gland 
and  follicles,  and  the  suprarenal  capsules,  originate  from  the  mesoblast. 

Peripfteral  Processes  of  Development. 

Side  by  side  with  all  the  processes  of  development  which  have 
been  described  as  proceeding  in  the  germinal  area,  there  are  other 
processes  taking  place  in  the  peripheral  part  of  the  germ-vesicle, 
which  have  for  their  object  to  permit  the  embryo  to  develop  freely 
on  all  sides  by  embedding  it  in  a  fluid  (amnion),  and  also  to  bring 
the  foetal  blood  into  relations  permitting  of  diffusion-changes 
taking  place  between  it  and  the  maternal  blood,  whereby  nutritiou 
and  respiration  are  rendered  possible  ('  allantois'). 


1.  Development  of  the  Amnion. 

It  has  already  been  mentioned  that  a  cleavage  of  the  germinal 
area  into  blastodermic  layers  proceeds  beyond  the  embryonal  area 
to  the  peripheral  parts  of  the  germ-vesicle,  and  that  the  same  is 
true  of  the  cleavage  of  the  mesoblast.  The  latter  cleavage,  how- 
ever, does  not  extend  over  the  whole  germ-vesicle,  but  only  so  far 
as  the  area  vasculosa  extends.  Here  the  superficial  layer  ceases,  so 
that  at  this  spot,  provided  that  the  epiblast  has  been  broken 
through,  the  space  between  the  two  layers  of  the  mesoblast,  and 
ultimately  the  pleuro-peritoneal  cavity,  may  be  reached.  The 
peripheral  parts  of  the  external  portion  of  the  mesoblast  ('  Haut- 
platte ')  now  rise  up  from  the  germ-vesicle  and  arch  backwards  on 
all  sides  of  the  embryo,  driving  the  epiblast  before  them,  and 
coming  from  all  sides  join  above  the  embryo,  enclosing  it  in  a  sac 
which  is  called  the  amnion ;  the  layer  of  the  epiblast  which  is  en- 
closed lines  the  inner  surface  of  the  amniotic  sac. 

The  amnion  is  filled  with  a  serous  fluid,  by  which  the  embrya 
is  surrounded  on  all  sides;  besides  the  normal  constituents  of 
transudations,  it  contains  secretions  from  the  skin  and  nitrogenous 
products  of  oxidation,  presumably  as  a  result  of  diffusion  from  the 
allantois. 

2.  Formation  of  the  Allantois. 

Near  to  the  caudal  end  of  the  embryo  in  the  region  of  tlie 
navel  there  originate  two  solid  accumulations  of  cells,  which  grow 
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from  the  external  layer  of  the  mesoblast,  and  which  soon  unite. 
Into  this  out-growth,  which  lies  close  to  the  splanchnopleui-e,  there 
grows  a  process  of  the  posterior  part  of  the  intestine  in  such  a 
manner  that  a  vesicular  cavity  is  formed ;  this  bladder,  the  allan- 
tois,  grows  out  of  the  embryo  between  the  somatopleure  and  the 
splanchnoplem-e,  reaching  the  space  between  the  amnion  and  the 
germ- vesicle;  growing  always  more  and  more  extensive,  it  envelops 
the  amnion  and  reaches  the  inner  wall  of  the  chorion,  with  which 
it  becomes  connected  over  a  greater  or  smaller  surface.  The  com- 
munication between  the  posterior  part  of  the  intestine  and  the 
allantois  forms  the  cloaca,  into  which  empty  themselves  the  foetal 
urinary  organs.  The  part  of  the  allantois  which  becomes  small, 
and  which  passes  through  the  umbilical  orifice,  is  called  the  ura- 
chus.  The  allantois  is  highly  vascular.  The  urtevies,  the  umbilical 
arteries  spring  from  the  common  iliacs ;  they  lead  to  a  well-deve- 
loped capillary  system,  the  loops  of  which  enter  the  chorionic  villi ; 
the  veins  unite  to  form  the  single  umbilical  vein,  which,  return- 
ing to  the  embryo,  opens  into  the  omphalo-meseraic  vein,  and  thus 
communicates  (as  the  portal  vein)  with  the  blood-vessels  of  the 
liver ;  it  sends  a  branch  dii'ectly  to  the  vena  cava  inferior  (^ductus 
venosus). 

The  well-developed  villi  of  the  chorion,  which  contain  the 
blood-vessels  of  the  allantois,  grow  into  the  interior  of  the  uterine 
mucous  membrane,  in  which,  at  the  corresponding  spot,  correspond- 
ing capillary  loops  are  formed.  The  two  sets  of  vessels  together 
form  the  placenta,  in  which  an  exchange  by  diffusion  proceeds 
between  foetal  and  maternal  blood,  for  the  purposes  of  respiration 
and  nutrition  ;  the  blood  of  the  umbilical  vein  is  therefore  neces- 
sarily brighter  (more  arterial)  than  that  of  the  corresponding 
arteries,  exactly  as  at  a  later  period  of  existence  the  blood  of  the 
pulmonary  arteries  and  veins  differ.  The  umbilical  vesicle  and 
the  area  vasculosa  now  lose  their  importance,  and,  together  with 
th  eir  blood-vessels  and  the  umbilical  duct,  shrivel  together  so  as 
to  form  a  thin  string.  The  fluid  which  the  allantois  contains  is  a 
transudation  containing  the  secretion  of  the  primordial  kidneys, 
with  some  nitrogenous  products  of  oxidation. 

Whilfi  in  man  only  one  placenta  is  developed,  animals  pofs^sa  several  pla- 
cental sites,  so  lliat  the  villi  of  the  chorion  enter  the  villi  of  the  deciduaiu  many 
places. 

Final  Stages  of  Development  of  the  Embryo. 

If  we  imagine  the  body  cavity  of  the  embryo  to  have  been  shut 
off  from  the  genn-vesicle,  the  umbilicus  will  consist  of  two  con- 
centric tubes  ;  the  inner  (the  omphalo-meseraic  duct)  connects  the 
intestine  with  the  umbilical  vesicle  ;  the  outer  is  foi  med  by  skin 
and  connects  the  abdominal  wall  of  the  embryo  witli  the  amnion! 
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Between  these  concentric  tubes  there  exists  a  circular  space,  through 
which  the  pleuro-peritoneal  cavity  may  be  reached,  and  through 
which  the  urachus  comes.  ^ 

By  a,  simple  process  of  separation  by  constriction,  an  intestinal 
tube,  closed  on  all  sides,  is  formed,  which  is  united  in  the  median 
line  posteriorly  to  the  body  cavity  (by  the  mesentery),  and  to  the 
whole  upper  end  of  the  body.  Subsequently  there  are  formed  an 
anterior  and  a  posterior  intestinal  opening.  In  the  anterior  part 
of  the  centre  of  the  pharyngeal  plate,  close  below  the  fore-brain, 
there  is  formed  a  depression  into  which  the  epiblast  passes.  This 
depression  becomes  deeper  and  deeper,  and  ultimately  opens  by  a 
j&ssure  into  the  upper  end  of  the  fore-gut  (pharynx),  forming  the 
buccal  and  nasal  cavities. 

Further,  there  are  formed  on  the  lateral  parts  of  the  pharyngeal 
plate  three  gutter-shaped  cavities  of  the  hypoblast,  which  run 
from  before  backwards;  these  ultimately  break  through  the  pharyn- 
geal plate,  and  form  on  each  side  three  visceral  or  branchial  cleft§, 
and  later  on  yet  a  fourth,  by  the  hypoblast  making  a  border,  as 
the  mucous  membrane  gives  an  external  mucous  edge  to  the  lips ; 
between  each  pair  of  pharyngeal  plates  there  remains  a  phalangeal 
or  branchial  arch,  which  is  so  arranged  that  on  its  inner  side  an 
aortic  arch  rims  from  before  backwards.  Along  the  pharyngeal 
arches  thickenings  arise  from  before  backwards,  and  ultimately 
meet.  The  space  between  the  skull  and  the  first  jDliaryngeal  arch 
is  taken  up  by  the  buccal  and  nasal  cavities  ;  the  first  pair  of 
branchial  arches  is  converted  into  a  lower  jaw  and  the  neighbour- 
ing parts  of  the  cranium  ;  as,  however,  it  sends  two  branches  into 
the  common  buccal  and  nasal  cavity,  which  grow  so  as  to  meet, 
and  which  develop  into  the  upper  jaw  and  gums,  a  separation 
between  the  buccal  and  nasal  cavities  is  ultimately  effected.  (It 
is  from  an  arrest  in  the  development  of  these  processes  that  hare 
lip  and  cleft  palate  result.) 

The  remaining  visceral  clefts  unite,  the  branchial  arches  fur- 
nishing the  hyoid  bone,  a  portion  of  the  laryngeal  cartilages,  the 
skin  of  the  neck,  &c.,  by  processes  which  cannot  here  be  examined 
in  detail.  The  tongue  originates  as  an  outgrowth  from  the  inner 
side  of  the  lower  jaw.  The  posterior  intestinal  opening  originates 
in  a  perforation  of  the  cloaca,  which  is  the  common  termination 
of  the  intestine  and  the  allantois. 

This  common  aperture  is  afterwards  subdivided  by  a  bridge, 
the  perinceum  (which  is  an  outgrowth  of  the  wall  which  separates 
the  intestine  from  the  allantois),  into  one  connected  with  the 
bowel,  viz.  the  anus,  and  into  one  communicating  with  the  allan- 
tois (opening  of  the  uro-genital  sinus). 

The  first  pair  of  visceral  clefts  unite,  except  where  an  opening 
is  left,  which  is  the  rudiment  of  the  external  auditory  meatus. 
The  second,  third,  and  fourth  clefts  unite  completely;  as  the 
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aortic  ai-ches  bend  back  from  the  inner  side  of  the  branchial  arches, 
and  take  with  them  the  mesoblast,  the  third  and  fourth  clefts  grow 
deeper. 

Of  the  remaining  processes  of  development  the  following  must 
be  mentioned  : 

1 .  The  '  medullary  or  neural  tube,'  the  cavity  of  which  con- 
tinually diminishes  by  an  increase  of  the  thickness  of  its  walls, 
very  early  shows,  at  its  dilated  cerebral  end,  two  transverse  de- 
pressions which  mai'k  off  three  cerebral  vesicles.  Each  vesicle 
carries  on  either  side  a  vesicular  outgrowth,  which  subsequently 
becomes  pedunculated,  which  represents  the  rudiments  of  the  three 
higher  organs  of  special  sense  with  their  respective  nerves — the 
first  is  the  olfactory,  the  second  the  optic,  and  the  third  the  audi- 
tory ;  the  vesicles  are  the  rudiments  of  the  peripheral  nerve  dis- 
tribution. In  the  optic  vesicle,  which  is  immediately  beneath  the 
corneal  layer,  a  vesicular  involution  of  the  latter  takes  place,  which 
ultimately  becomes  shut  off  and  forms  the  lens  with  its  capsule. 
The  optic  vesicle  thus  invaginated  in  itself  becomes  converted 
into  an  hemispherical  body  by  the  anterior  half  (the  retina)  being 
placed  in  close  apposition  with  the  posterior  (the  choroid).  Be- 
tween the  lens  and  the  retina  there  then  originates  the  vitreous 
body,  and  around,  by  a  process  from  the  mesoblast,  the  sclerotic, 
which  unites  with  the  portion  of  the  skin  which  covers  the  eye  so 
as  to  form  the  cornea. 

The  three  cerebral  vesicles  represent,  from  before  backwards, 
the  third  ventricle,  the  aqueductus  Silvii,  and  the  fourth  ven- 
tncle.  The  first  gives  off  a  new  vesicle  on  each  side,  the  interior 
of  which  represents  the  lateral  ventricles  (the  communication 
between  these  and  the  primitive  vesicle  is  formed  by  the  foramen 
of  Munro),  and  their  walls  represent  the  cerebral  hemispheres ; 
the  lateral  vesicles  in  man  outgrow  all  the  others. 

In  a  similar  manner  the  third  cerebral  vesicle  sends  out  two 
cerebellar  vesicles.  Between  the  first  and  the  second  vesicle  there 
arises  early  a  tolerably  sharp  constriction,  so  that  the  former  bends 
around  the  anterior  extremity  of  the  embryo. 

The  cerebral  ganglia  (optic  thalami,  &c.)  arise  as  a  thickening 
of  the  vesicular  walls. 

Statements  vary  as  to  the  origin  of  peripheral  nerves  and  ganglion-cells. 
The  majority  of  authorities  helieve  them  to  originate  in  the  mesoblast ;  others 
(Ilensen)  believe  the  axis  cylinders  to  arise  as  outgrowths  from  the  ganglionic 
cells  of  the  central  nervous  system  into  the  mesoblast,  which  furnishes  how- 
ever, the  sheath  and  white  substance  of  Schwann. 

2.  The  intestinal  canal  forms  at  first  a  simple  tube,  which  is 
only  slightly  bent  in  the  centre,  where  the  mesentery  is  longest. 

In  the  vicinity  of  the  liver  a  dilatation  of  this  tube  occm-s, 
marking  the  position  of  the  stomach,  which  subsequently,  by  a 
movement  of  rotation,  takes  up  its  persistent  transverse  position 
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and  thus  presents  a  fundus  and  two  curvatures.  By  an  elonga- 
tion of  the  intestinal  tube,  and  a  simultaneous  elongation  of  the 
mesentery,  are  formed  the  coils  of  the  small  intestine  and  the 
curves  of  the  large  intestine.  That  piece  of  the  omphalomesenteric 
duct  which  lies  within  the  embryo,  breaks  at  the  navel  and  forms 
a  rudimentary  appendage  of  the  lower  part  of  the  ilium. 

3.  The  heart,  which  in  the  beginning  is  a  straight  tube  situated 
in  the  middle  line,  very  early  alters  its  form,  so  that  its  venous 
(posterior  and  inferior)  end  bends  itself  towards  its  arterial  end,  so 
that  the  whole  organ,  with  the  origin  of  the  veins,  takes  the  form 
of  an  S  (see  below,  fig.  70,  I.)  The  cause  of  this  is  that  during  a 
certain  time  the  aortic  arches  increase  in  number  posteriorly, 
whilst  those  situated  anteriorly  disappear  ;  hence  the  anterior  part 
of  the  heart  is  thrust  backwards,  whilst  the  venous  end  retains  its 
original  position.  Three  parts  of  the  heart,  which  contract  one 
after  the  other,  may  now  be  recognised,  viz.  sinus  venosus  (from 
which  the  two  auricles  afterwards  spring),  ventricle,  and  bulbus 
cbortce.  A  longitudinal  partition  wall  is  now  formed,  at  first  in 
the  ventricle  and  afterwards  in  the  auricle  (being  incomplete  here), 
whereby  two  separate  ventricles  are  formed,  and  two  auricles  com- 
municating through  the  foramen  ovale.  Of  the  three  remaining 
pairs  of  aortic  roots,  the  first  forms  the  carotid  and  subclavian  (on 
the  right  side  the  common  trunk  persists);  the  second  forms  on 
the  left  side  the  permanent  aortic  arch,  which  leads  to  the  primi- 
tive descending  aorta,  and  from  which  the  vessels  of  the  first  pair 
spring  :  the  right  branch  disappears. 

The  third  pair  furnishes  the  pulmonary  arteries ;  the  right 
arch  disappears,  except  its  pulmonary  branch,  and  the  left  remains 
connected  with  the  descending  aorta,  the  connecting  piece  forming 
the  ductus  arteriosus  (duct  of  Botal).  Ultimately  the  bulbus 
arteriosus  divides  itself  in  such  a  manner  that  the  section  which 
gives  off  the  pulmonary  arteries  remains  connected  with  the  right 
ventricle,  whilst  the  remainder,  with  the  arch  of  the  aorta,  re- 
mains attached  to  the  left  ventricle.  Even  then  all  the  blood  can 
pass  from  the  right  heart  into  the  aorta,  partly  through  the  fora- 
men ovale,  and  partly  through  the  ductus  arteriosus.  It  is  only 
after  birth,  when  respiration  through  the  lungs  has  commenced, 
that  both  these  communications  are  closed,  and  thenceforward  the 
whole  of  the  blood  of  the  right  heart  is  carried  to  the  lungs. 

4.  The  internal  urinary  organs  are  developed  in  the  follow- 
ing manner  :  the  structure  in  which  they  originate,  tlie  Wolffian 
duct,  is  at  its  upper  end  closed,  and  communicates  below  with  the 
posterior  part  of  the  intestine  (foveola  posterior).  The  anterior 
end  of  the  duct  sends  inwards  a  row  of  little  blind  canals,  which 
are  in  part  furnished  with  glomeruli  (derived  from  the  mesoblast). 
Thus  arises  tlie  Wolffian  body,  of  which  one  part,  the  primordial 
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kidney,  discharges  the  functions  of  a  kidney,  whilst  the  remainder 
(the  sexual  part)  goes  to  form  the  organs  of  generation. 

The  'permanent  kidneys  are  formed  (Kupffer)  by  a  tubular 
protrusion  from  the  tail-end  of  the  Wolffian  duct ;  this  protrusion 
pursues  a  course  parallel  to  that  of  the  primordial  kidneys,  and 
grows  upwards  as  the  rudiment  of  the  ureters  ;  the  upper  end 
grows  into  a  mass  of  cells  derived  from  the  mesoblast  (paren- 
chyma of  the  kidney),  and  thus  originate  the  pelvis  of  the  kidney 
and  the  calyces.  The  tubuli  uriniferi  are  either  (Eemak)  further 
outgrowths  from  the  calyces,  the  dilated  ends  of  which  {capsules) 
surround  the  glomeruli,  or  (Kupffer)  they  originate  independently 
in  the  kidneys  (from  the  periphery  outwards),  and  only  afterwards 
open  into  the  calyces.  (For  the  development  of  the  urinary  bladder, 
the  reader  must  refer  to  the  paragraph  relating  to  the  external 
organs  of  generation. ) 

o.  The  internal  organs  of  generation  are  originally  herma- 
phroditically  disposed  in  both  sexes.  The  peritoneal  squamous 
epithelium  which  invests  the  free  surface  of  the  Wolffian  duct  is 
sharply  separated  from  a  layer  of  cylindrical  epithelium  which  is 
placed  upon  the  middle  and  the  lateral  angles ;  this  epithelium 
{germincd  epithelium),  which  probably  is  derived  from  the  epi- 
blast,  is  the  rudiment  of  the  female  generative  apparatus,  viz.,  in 
the  middle  of  the  ova  and  the  cells  of  the  m.  granulosa,  and  late- 
rally of  the  epithelium  which  lines  the  Fallopian  tubes  and  the 
uterus.  The  union  of  the  median  part  with  the  connective  tissue 
of  the  Wolffian  bodies  which  leads  to  the  formation  of  the  ovary, 
has  already  been  spoken  of.  The  lateral  layer  of  epithelium  is 
similarly  surrounded  by  connective  tissue  and  presents  the  appear- 
ance of  a  longitudinal  cord,  which  later  becomes  hollow  and  gives 
rise  to  Miiller^s  duct,  which  occupies  the  position  of  the  future 
Fallopian  tubes. 

The  two  Miiller's  ducts  open  not  far  from  the  Wolffian  ducts 
into  the  hindgiat.  Later  on,  their  lower  ends  unite  to  form  a 
common  chamber,  the  uterus  and  vagina.  Above,  in  the  vicinity 
of  the  ovary,  an  opening  forms  in  the  ducts,  and  this  opening  is 
surrounded  by  fringes.  Tlie  piece  of  the  duct  above  the  opening 
becomes  reduced  to  the  condition  of  a  vesicle.  In  the  male 
embryo  the  testicle  arises  from  the  genital  part  of  the  Wolffian 
bodies,  the  canals  of  which,  becoming  very  much  elongated  and 
arranged  in  coils,  are  converted  into  the  tubuli  seminiferi,  which 
penetrate  the  connective  tissue  of  the  testicle ;  that  portion  which 
has  not  penetrated  forms  the  epididymis,  and  the  ducts  of  the 
primordial  kidneys  form  the  vas  deferens,  with  the  vesiculce  semi- 
nales.  The  tubuli  which  do  not  form  a  part  of  the  testicle  are 
the  vasa  aberrantia  of  Haller.  In  the  female  the  genital  part  of 
the  Wolffian  bodies  remains  as  Rosenmuller'' s  organ,  or  the  par- 
ovarium, the  efferent  passage  being  converted  into  the  round 
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ligament  of  the  uterus.  In  both  sexes  the  renal  part  of  the 
Wolffian  bodies  becomes  reduced  to  the  condition  in  which  it  is 
known  as  the  organ  of  Giraldes  or  the  parepididymis,  and  in 
the  female  as  a  separate  structure  situated  close  to  the  par- 
ovarium. 

In  the  male,  further,  the  seat  of  the  ovary  persists  as  a  non- 
pedunculated  cyst  (Fleischl),  whilst  the  ducts  of  Miiller  terminate 
below  in  the  uterus  masculinus  (E.  H.  Weber)  or  vesicula  pro- 
statica,  their  upper  end  being  represented  by  pedunculated  cysts. 

6.  The  external  urinary  and  sexual  organs.  When  with  the 
closure  of  the  navel  the  urachus  is  shut  off,  the  portion  of  the 
allantois  which  remains  in  the  embryo  forms  the  urinary  bladder 
(the  vertex  of  which  remains  connected  with  the  navel  by  the 
urachus).  The  lowest  part  of  the  allantois,  which  contains  the 
openings  both  of  the  urinary  and  the  sexual  organs,  is  called  the 
sinus  urogenitalis.  On  each  side  of  the  opening  of  the  latter 
there  arise  two  cutaneous  projections,  which  in  woman  give  rise  to 
the  labia  majora,  but  which  in  man  gi'ow  together  above  the 
opening,  to  form  the  scrotum,  closing  by  a  persistent  seam  which 
is  called  the  raphe.  In  front  of  the  opening,  fai-ther,  there  arises 
an  elongated  body,  which  bears  on  its  lower  surface  a  furrow,  which 
posteriorly  runs  into  the  sinus  urogenitalis.  The  edges  of  this 
furrow  unite  in  man  to  form  the  canal-shaped  urethra,  which 
opens  at  the  apex  of  the  elongated  body,  the  penis ;  the  posterior 
part  of  the  urethra  is  formed  by  the  urogenital  sinus  itself.  In 
woman,  however,  the  furrow  remains  open,  and  its  edges  grow  into 
the  labia  minora  or  nymphce,  whilst  the  original  body  itself 
forms  the  clitoris.  The  urogenital  sinus  becomes,  however,  so 
short  that  it  merely  forms  a  depression  between  the  labia,  into 
which  the  vagina  and  the  urinary  bladder  with  a  short  urethra 
separately  open.  In  the  male  embryo  the  descent  of  the  testes 
takes  place  into  the  scrotum  at  the  eighth  month  ;  on  this  matter 
anatomical  text-books  are  to  be  consulted. 

Nothing  is  known  in  reference  to  the  circumstances  which  influence  the  sex 
of  the  embryo.  By  statistics  some  have  pretended  to  show  that  the  relative 
ages  of  tlie  parents  have  a  certain  influence  in  leading  to  a  preponderance  of 
males  or  females,  still  even  this  influence  has  been  dififerently  stated  by  different 
writers.  Lately  it  has  been  asserted  (Thury)  that  the  sex  depends  upon  the 
stage  of  maturity  which  the  ovum  has  attained  before  impregnation ;  according 
to  'this  view  ova  nre  at  first  only  capable  of  developing  embryos  of  the  female 
sex,  and  only  after  having  undergone  a  change  are  they  capable  of  producmg 
males.    But  this  is  by  no  means  generally  proved. 

7.  The  extremities  originate  as  warty  processes  from  the  sides 
of  the  trunk,  which  only  subsequently  increase  in  length. 

The  development  of  the  tissues,  which  is  one  of  the  most  im- 
portant sections  in  the  history  of  development,  is  usually  treated 
of  as  a  part  of  Histology,  and  the  reader  is  therefore  referred,  on 
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this  subject,  to  the  works  which  specially  treat  of  that  branch  of 
Anatomy. 

The  older  theories  of  Pander,  v.  Baer,  and  BischofF  assumed  principaUv  the 
existence  of  only  two  layers  of  the  hlastoderm— an  external  or  '  animal, '  corre- 
sponding to  the  somatopleure,  and  an  internal  '  vegetative,'  corresponding  to 
the  splanchnoplem-e ;  between  these  two  that  vascular  system  was  supposed  to 
originate  from  a  separate  vascular  layer.  A  similar  theory  has  lately  been 
advanced  by  His,  according  to  which,  however,  the  whole  system  of  connective 
tissues,  the  vessels,  and  the  blood,  are  derived  from  the  so-called  white-yolk  ' 
(of  the  bird's  egg),  which  has  quite  a  difierent  origin  from  the  '  principal  yolk' 
(archiblast,  neuroblast).  It  {i.e.  the  white  yolk)  originates  in  the  cells  of  the 
m.  granulosa  which  have  migrated  thi-ough  the  vitelline  membrane  into  the 
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principal  yolk.  The  elements  of  the  white  yolk  serve  either  for  building  up  the 
embryo  ('  parablast,'  '  htemoblast ')  by  migrating  between  the  two  layers  of  the 
blastoderm,  or  merely  as  'food-yolk.'  Another  theory  (Reichert's)  accepts 
the  process  of  splitting  up  of  the  mesoblast  ('stratum  intermedium'),  but  difl'ers 
from  Remak's  theory  in  not  distinguishing  a  sensory  (corneal)  layer,  and  main- 
tains that  the  original  blastoderm  persists  as  an  enveloping  membrane  ('  Um- 
hiillungshaut'),  whilst  the  proper  layers  are  deposited  within  it  afterwards. 
Between  the  enveloping  membrane  and  the  stratum  intermedium  originates  the 
medullary  plate  as  a  special  '  upper '  layer,  limited  to  the  germinal  area.  That 
portion  of  the  enveloping  membrane  which  becomes  shut  off  in  the  amnion 
fonns  the  epidermis  of  the  skin  of  the  embryo,  and  furnishes  an  epithelial  cover- 
ing to  the  inner  surface  of  the  amnion  ('endamnion').  Other  recent  modifica- 
tions of  the  theory  of  Remak  adopted  in  the  text  could  not  be  here  referred  to 
without  entering  in  a  more  special  manner  into  the  study  of  embryology. 

The  appended  diagrammatic  representations  may  serve  to  ex- 
plain some  of  the  fundamental  points  in  development.  With  the 
exception  of  I.,  they  are  transverse  sections  of  the  embryo. 


652 


TERM  OF  UTERO-GESTATION. 


1.  is  a  superficial  view  seen  from  the  interior  of  the  germ- 
vesicle  ;  it  shows  the  shoe-shaped  embryo  with  the  vessels  of  the 
area  vasculosa.  Across  the  anterior  layer  of  the  shoe,  the  already 
S-shaped  heart  is  seen,  from  which  superiorly  there  proceed  two 
aortic  roots,  inferiorly,  the  two  omphalo-meseraic  veins.  Through 
the  opening  of  the  shoe  (the  navel)  the  two  still  separated  aortse 
are  seen,  with  the  omphalo-meseraic  arteries  ;  in  the  area  vas- 
culosa the  arteries  are  feebly,  the  veins  strongly  delineated. 

The  remaining  figures  are  in  part  cross-sections  (II.,  III..  IV., 
V.T.,  VII.),  partly  longitudinal  sections  of  the  embryo  (V.  and 
VIII.) 

Section  VI.  corresponds  to  the  line  AB  in  the  longitudinal 
section  V.  ;  the  transverse  section  VII.  corresponds  similarly  to 
the  line  VW  in  VIII.  The  letters  of  reference  are  the  same  in  all 
the  drawings. 

h       Epiblast  hn     Cutaneous  navel 

m      Medullarj'^  or  neural  tube  Fc     Fovea  cardiaca  (foregut) 

mg    Mesoblast  Fp     Fovea  posterior  (hindgut) 

d       Hypoblast  a       Amnion  (peripheral  part  of  the 

e       Chorda  dorsalis  external  part  of  the  mesoblast 

11       Protovertebral  plates  detached  and  inverted ;  in  Fig. 

8       Lateral  plates  IV.  on  the  left,  it  is  yet  connec- 

p       Pleuroperitoneal  cavity  ted  with  the  internal  part  of  the 

H      External  part  of  mesoblast  mesoblast;  on  the  right  it  is 

D      Internal  part  of  mesoblast  detached) 

M      Mesentery  Al  Allantois 

S       Pharyngeal  plate  ur  Urachus 

Ch     Chorion  frondosum  cl  Cloaca 

nb     Umbilical  vesicle  vo      Omphalo-meseraic  veins 

0      Heart  ao      Omphalo-meseraic  arteries 

T      Aortic  arches  st      Sinus  termiualis 

dn     Omphalo-meseraic  duct  L    •  Liver 

So  as  to  make  the  diagrams  as  intelligible  as  possible,  in  IV. 
and  VII.,  the  sections  of  the  two  aortse  and  of  the  two  Wolffian 
bodies  are  not  shown. 


Birth. 

By  the  development  of  the  ovum  the  uterus  is  more  and  more 
stretched,  so  that  at  the  same  time  the  cervix  becomes  obliterated. 
The  uterine  walls  increase  in  thickness  by  the  growtli  and  by  the 
new  formation  of  its  muscular  fibres,  as  well  as  by  the  considerable 
development  of  its  blood-vessels.  At  last,  about  280  days  after 
impregnation,  by  the  operation  of  causes  which  are  entirely  un- 
known to  us,  the  expulsion  of  the  now-developed  ovum  takes  place. 
This  expulsion  is  brought  about  by  rhythmical  and  painful  con- 
tractions of  the  muscular  fibres  of  the  uterus,  which  are  technically 
known  as  '  pains,'  and  which  are  aided  by  the  compression  of  the 
abdomen. 
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The  foUo-wing  facts  are  known  in  reference  to  tlie  innervation  of  the  uterus  : 

Irritation  of  the  hypogastric  plexus  gives  rise  to  uterine  contractions,  and 
the  same  result  is  obtained  by  exciting  the  spinal  cord  up  to  the  cerebellum  ; 
the  fibres  which  pass  from  the  spinal  cord  to  the  uterus  leave  it  in  the  vicinity 
of  the  last  thoracic,  and  the  third  and  fourth  lumbar  vertebrae.  They  pass 
along  sympathetic  paths,  traverse  the  inferior  mesenteric  ganglion  and  run  in 
one  of  the  nerves  which  lie  over  the  aorta,  until  they  reach  the  uterus  (Franken- 
hauser). 

In  addition  to  the  nervous  supply  derived  from  the  spinal  cord,  the  uterus 
appears  to  possess  nerve  centres  in  its  more  immediate  vicinity,  perhaps  scat- 
tered in  part  through  its  parenchyma.  These  centres  are  excited  by  the  blood 
of  dyspnoea  (Oser  and  Schlesinger),  like  the  centres  in  the  medulla  oblongata 
and  in  the  intestines,  so  that  suft'ocation,  compression  of  the  aorta  (Spiegelberg), 
haemorrhage,  &c.,  bring  about  uterine  contractions.  Even  the  centre  presiding 
over  uterine  contractions,  which  is  seated  in  the  brain,  is  excited  by  the  blood 
during  dyspnoea,  as  well  as  by  the  cu-cumstances  previously  mentioned  (Oser 
and  Schlesinger). 

In  the  human  being  the  ovum  is  not  thrown  off  uninjured,  but 
the  embryo  is  first  expelled,  after  the  envelopes  which  surrounded 
it  have  been  torn,  and  it  is  followed  by  the  rest  of  the  ovum. 
These  envelopes  are  from  without  inwards — 1.  The  decidua  reflexa, 
(p.  546).  2.  The  chorion,  which,  at  the  place  where  the  allantois 
is  situated  (normally  not  at  the  orifice  of  exit  of  the  uterus), 
forms  the  placenta,  and  which  is  free  from  villi  over  the  os  uteri. 
3.  The  amnion  (the  umbilical  vesicle  forms  an  imperceptible 
structm-e  in  the  placenta,  compare  p.  545). 

As  a  result  of  the  pressure  of  the  first  '  pains,'  these  mem- 
branes protrude  in  an  arched  form  through  the  os  uteri,  and 
ultimately  tear  at  one  spot ;  after  a  large  part  of  the  liquor  amnii 
has  escaped,  a  part  of  the  foetus^  usually  the  head,  is  set  free. 
Now,  with  more  or  less  rapidity,  the  process  of  expulsion  sets  in, 
hindered  in  part  by  the  narrowness  of  the  pelvis,  in  part  by  that 
of  the  OS  uteri,  of  the  vagina  and  the  vulva.  Simultaneously,  the 
placenta — not  only  its  foetal,  but  also  its  maternal  part,  taking 
with  it  a  portion  of  the  uterine  mucous  membrane — detaches  itself 
from  the  contracting  uterine  wall,  a  process  which  is  naturally 
accompanied  by  haemorrhage.  After  the  birth  of  the  foetus,  the 
placenta,  with  the  membranes  which  formed  the  walls  of  the  ovum 
attached  to  its  margins,  though  already  detached,  is  still  contained 
within  the  uterus,  and  the  foetus  is  united  to  it  by  means  of  the 
long  umbilical  cord.  The  latter  contains  the  following  struc- 
tures : — 1.  The  stalk  of  the  allantois  (a  prolongation  of  the 
urachus),  with  the  umbilical  vessels — viz.,  the  two  arteries,  which 
continue  to  pulsate,  and  the  vein,  which  by  the  early  intra-uterine 
rotations  of  the  foetus,  is  nearly  always  spirally  twisted.  2.  The 
shrivelled  omphalo-meseraic  duct  with  the  umbilical  vesicle.  3. 
Everything  else  which  surrounds  the  tubular  peduncle  of  the 
amnion  projecting  from  the  navel,  and  which  thus  covers  the 
inner  side  of  the  placenta,  and  passes  over  its,  margin  to  those  of 
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the  chorion.  The  principal  bulk  of  the  umbilical  cord  is,  however, 
formed  by  the  three  umbilical  vessels,  imbedded  in  a  white  con- 
nective tissue  {mucous  tissue),  which  is  called  '  Wharton's  jelly.' 

As  soon  as  the  detachment  of  the  placenta  commences,  fostal 
respiration  through  the  intermediation  of  the  maternal  blood 
ceases,  and,  in  consequence  of  this,  a  change  in  the  gases  of  the 
blood  commences,  which  leads  to  the  first  respi/ration  through  the 
lungs  (Schwartz).  The  placenta  which  is  contained  in  the  uterus 
is  no  longer  of  service  to  the  child,  and  the  umbilical  cord,  of 
which  the  arteries  cease  to  pulsate,  can,  after  previous  ligature  of 
its  foetal  end,  be  cut  across,  unless  the  expulsion  of  the  placenta 
with  the  foetal  envelopes  ('  after-birth^)  be  awaited.  The  skin  of 
the  newly-born  child  is  covered  with  a  sebaceous  layer,  which 
constitutes  the  vernix  cascosa.  After  the  expulsion  of  the 
after-birth  and  the  arrest  of  the  haemorrhage  by  the  continuing 
contractions  of  the  uterus  after-'pains''),  a  regeneration  of  the 
uterine  mucous  membrane  sets  in,  which  is  accompanied  by  a 
diminution  of  its  muscular  coat,  and  a  new  formation  of  muscular 
fibre  cells ;  the  first  of  these  processes  is  associated  with  a  mucous, 
and  at  first  bloody  discharge,  which  constitutes  '  the  lochia.^ 

At  birth  the  mammary  glands  of  the  mother  begin  to  secrete, 
and  usually  it  is  only  on  the  cessation  of  the  secretion,  which 
takes  place  about  ten  months  afterwards,  that  the  process  of 
menstruation,  which  had  been  arrested  by  impregnation,  again 
becomes  re-established. 


D.  DEVELOPMENT  OF  THE  CHILD  AFTER  BIRTH. 

At  birth,  neither  the  development  of  the  structures  nor  of  the 
functions  of  the  young  creature  is  arrested.  The  commencement 
of  extra-uterine  life,  and  the  period  which  succeeds  it  up  to 
puberty,  are  especially  characterised  by  important  processes  of 
development.  During  this  period  (infancy  and  childhood)  the 
development  of  the  bones,  and  of  the  first  and  second  teeth,  takes 
place,  and  growth  is  most  energetic ;  above  all,  it  is  the  period  of 
the  development  of  the  mental  powers,  which  from  the  first  low 
stages — when  they  approximate  in  their  nature  reflex  actions, 
under  the  influence  of  the  multiplicity  of  external  influences, 
such  as  experience  and  education — develop  ever  more  and  more. 

Growth  is  the  term  which  is  applied  to  express  the  increase  in 
the  dimensions  of  the  body  in  all  directions,  as  well  as  the  in- 
crease of  weight,  due  to  the  excess  of  the  income  of  the  body 
over  its  expenditure.  The  whole  of  the  tissues  and  parts  of  the 
body  take  a  part  in  this  process,  so  that  in  general  the  proportions 
of  the  growing  body  are  maintained.    The  most  general  concep- 
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tion  of  growth  would  treat  it  as  being  due  to  an  increase  in  the 
number  of  tissue-forming  elements,  brought  about  in  general  as  a 
result  of  cell-division,  rather  than  as  being  due  to  an  increase  in 
the  size  of  those  which  already  exist,  although  this  mode  of  growth 
also  occurs. 

The  usual  measure  of  its  growth  is  the  increase  in  the  length, 
of  the  body,  and  this  is  ^chiefly  associated  with  the  growth  in 
length  of  the  bones,  which  continues  until  about  the  twenty- 
second  year.  The  growth  in  other  dimensions,  and  the  increase 
in  weight,  continues  until  about  the  fortieth  year. 

A  diminution  in  lueight  occurs  during  the  first  days  of  life, 
and  then  again  after  from  forty  to  fifty  years  of  age  ;  at  the 
latter  age  this  is  associated  with  a  diminution  in  the  length  of 
the  body^ 

The  life  of  man  may  Tdb  divided  into  the  following  periods:  1.  'Infancy,' 
which  lasts  from  hii-th  until  the  first  dentition  (the  first  7  or  9  months) ;  this  is 
a  period  of  most  energetic  growth,  the  length  of  the  body  increasing  by  two- 
thu-ds  (20"^").  2.  '  Childhood/  which  lasts  until  the  second  dentition  (from  9 
months  until  7  years).  The  growth  of  the  body  in  the  second  year  amounts  to 
about  ten  centimetres,  in  the  third  to  about  seven,  and  in  each  succeeding  year 
about •6^'^°.  3.  'Boyhood  and  Girlhood,'  wMch  last  until  puberty  (fi-om  7  to 
.15  years).  4.  '  Adolescence,'  which  extends  to  the  completion  of  the  growth 
of  the  body  (15  to ^2  years).  5.  Period  of  maturity  (adult  age),  which  lasts 
until  '  involution  '  occurs  in  woman,  and  until  retrograde  changes  occur  in  man, 
i.e.  from  the  'twenty-second  until  the  forty-fifth  year.  6,  Age  of  gradual  retro- 
grade changes  (old  age),  commencing  about  the  forty-fifth  year  and  lasting 
until  death. 

The  retrograde  changes  whi-ch  occur  in  the  later  periods  of  life 
consist  in  manifold  processes  of  wear  and  contraction  and  destruc- 
tion, in  which  that  which  is  diseased  is  so  little  separated  from 
that  which  is  healthy  as  to  preclude  any  detailed  allusion  to  the 
phenomena  in  this  place. 


E.  DEATH. 

Death  puts  an  end  to  those  processes  of  the  organism  which 
are  cljaracteristic  of  '  Life,'  and  with  death  there  sets  in  an 
assemblage  of  processes  which  are  comprehended  in  the  term 
Putrefaction. 

There  may  be  great  difference  of  opinion  as  to  which  is  the 
act  which  marks  the  close  of  life.  Most  naturally  the  energies 
of  the  body,  its  movements  and  its  heat  production,  especially  the 
former,  on  account  of  their  being  easily  recognised,  appear  to  be 
conspicuous  characteristics  of  life.  It  is  obvious,  however,  that 
amongst  movements,  only  one  which  is  automatic  can  serve  as  an 
index  of  life,  and  of  such  automatic  movements  the  most  regular, 
as  well  as  the  most  conspicuous,  are  those  of  the  heart.  Usually, 
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then,  the  standing-still  of  the  heart  is  looked  upon  as  a  sign  of 
death. 

Although  it  may  be  urged  that  the  cessation  of  a  single  func- 
tion cannot  be  taken  as  a  sign  of  the  cessation  of  all  others,  yet  a 
continued  cessation  of  the  movements  of  the  heart  is  a  certain 
sign  of  approaching  death,  as  the  function  of  every  organ  is 
associated  with  a  supply  of  arterialised  blood,  and  this  cannot  be 
afforded  without  the  heart.  The  standing-still  of  the  heart  is 
therefore  one  of  the  most  certain  causes  of  death. 

The  inquiry  into  the  causes-  of  death  leads  to  the  following 
conclusions.  As  the  activities  of  the  body  are  the  result  of 
oxidation  processes,  there  are  three  forms  of  general  (somatic) 
death,  which  may  be  due  to — 1 .  Deficiency  in  the  material  to  be 
oxidised  or  of  those  inorganic  matters  which  are  indispensable  to 
the  vital  processes,  therefore  defective  nutrition^  2.  Deficiency 
in  the  supply  of  oxygenised  blood.  3.  An  absence  of  the  condi- 
tions necessary  to  the-  oxidising  action  of  oxygen. 

Now,  as  these  circumstances  can  exert  their  action  upon  one 
or  all  of  the  parts  of  the  body,  there  may  be  either  a  general  or 
only  a  local  death.  The  latter  (^necrosis.,  gangrene)  may,  in  its 
turn,  lead  to  general  death  when  it  implicates  an  organ,  the  de- 
struction of  which  is  incompatible  with  life.  The  interlacement 
of  tlie  various  processes  of  life  renders  it  impossible  to  effect  a 
strict  separation  between  these  three  kinds  of  death  ;  each  of  the 
three  circumstances  nearly  always  drags  the  others  after  it ;  it  is 
therefore  only  necessary  to  examine  these  individually  in  so  far  as 
they  furnish  the  primary  causes  of  death. 

I.  Defective  nutrition  constitutes  a  very  frequent,  though 
always  a  remote  cause  of  death  (cessation  of  the  action  of  the 
heart  or  respiratory  muscles  being  the  proximate  cause).  Accord- 
ing to  its  nature  it  leads  to  a  gradual  death.  Death  from  hunger, 
death  which  follows  the  inanition  of  old  people,  and  also  in  part 
local  death,  due  to  local  disturbances  of  the  circulation,  come  under 
this  category. 

II.  The  supply  of  arterialised  blood  may  be  defective,  or  cease 
altogether — 1.  In  consequence  of  the  absence  of  blood,  as  when 
haemorrhage  occurs  through  the  opening  of  large  vessels,  or  of  the 
heart  itself.  If  the  haemorrhage  be  not  fatal,  a  restoration  may 
be  brought  about  by  the  action  of  water,  yet  the  amount  of  the 
red  blood  corpuscles  may  be  so  small  as  to  be  insufficient  to  keep 
up  the  necessary  exchanges  of  oxygen.  2.  By  cessation  of  the 
circulation :  this  occurs  (a)  locally,  by  closure  of  the  arteries 
going  to  a  part  (as  by  ligature,  thrombosis,  embolism,  or  by  their 
being  cut),  or  by  a  hindrance  to  the  flow  of  blood,  due  to  obstacles 
in  the  veins  ;  the  consequence  may  be  local,  or  it  may  even  be 
general  death,  if  the  disturbance  of  circulation  affect  the  principal 
vascular  trunks ;  (6)  generally,  by  a  positive  pressure  in  the 
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thorax,  or  by  an  amst  of  the  heart ;  this  may  occur  in  conse- 
quence of  injury  or  defective  nutrition  (atrophy)  of  the  sub- 
stance of  the  heart,  of  cessation  of  the  circulation  in  the  coronary 
arteries,  of  powerful  irritation  of  the  medulla  oblongata  or  of  the 
vagi,  or  of  defective  supply  of  oxygen.  A  cessation  of  the  circu- 
lation is  conceivable  in  consequence  of  the  cardiac  movements 
being  completely  ineffective — e.g.  by  an  injury  to,  or  inefficiency 
of  the  cardiac  valves.  3.  By  a  hindrance  to  the  absorption  and 
retention  of  oxygen  by  the  blood.  To  this  category  belong  all  the 
influences  mentioned  at  page  205,  which  lead  to  suffocation,  of 
which  some — viz.  the  cessation  of  the  active  movements  of 
respiration — must  now  be  examined  more  closely.  The  following 
circumstances  lead  to  this — a.  Paralysis  of  the  respiratory  centre 
in  the  medulla  oblongata,  due  either  to  injury  or  destruction  {e.g. 
by  apoplexy)  ;  defective  supply  of  blood  or  of  oxygen  due  to  cir- 
cumstances which  have  already  been  mentioned  ;  lastly,  the  action 
of  paralysing  poisons  (such  as  chloroform),  b.  Impediments  to 
the  conducting  power  of  nerves  supplying  the  respiratory  muscles, 
e.g.  section  or  compression  of  the  phrenic  nerves  and  poisoning  by 
curare,  c.  Paralysis  of  the  respiratory  muscles  of  the  diaphragm. 
d.  Tetanus  of  the  respiratory  muscles,  as  by  strychnia-poisoning, 
or  by  irritation  of  the  vagi.  e.  Mechanical  hindrances  to  the 
expansion  of  the  thorax,  as  pressure.  4.  By  expidsion  of  the 
oxygen  of  the  blood  (poisoning  by  carbonic  oxide),  or  by  a  con- 
sumption of  the  oxygen  of  the  blood  (by  means  of  reducing 
agents). 

III.  Very  little  is  yet  known  concerning  the  circumstances 
required  for  the  oxidation  processes  of  the  body.  It  has  already 
been  mentioned  that  the  mean  temperature  of  the  body  is  in- 
dispensable to  life.  Grreat,  or  at  any  rate  continuous,  rises 
and  depressions  of  the  temperature  (heating  or  cooling,  ^  with 
simultaneous  abolition  of  the  means  of  heat-regulation)  lead  to 
death.  Possibly  there  are  poisons  which,  like  those  which  prevent 
putrefaction,  render  processes  of  oxidation  impossible. 

It  belongs  to  the  province  of  pathological  science  to  investigate 
the  modes  in  which  diseases,  injuries,  and  abnormal  external  cir- 
cumstances, occasion  death.  Death  from  old  age  is  usually  de- 
signated as  the  physiological  '  or  natural '  mode  of  death  ;  this  is  a 
mode  of  death  of  which  the  proximate  cause  is  unknown,  but  of 
which  the  remote  causes  are  to  be  sought  for  in  the  diminished 
capacity  for  action  of  the  organs  of  the  body  as  a  whole,  and  which 
is  partly  due  to  atrophy,  partly  to  degeneration. 

After  the  phenomena  of  '  rigor  mortis '  have  passed  away,  the  dead  body- 
falls  a  prey  to  putrefaction,  unless  this  be  prevented  by  very  rapid  desiccation 
or  by  trie  use  of  agents  which  oppose  putrefaction.  Putrefaction,  concernino- 
which  little  is  yet  known,  consists  in  a  slow  oxidation  of  the  organic  consti- 
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tuents,  brought  about  by  the  oxygen  of  the  ah-,  under  the  influence  of  a  ferment, 
such  as  vibrios  must  probably  be  considered  (Pasteur). 

The  marks  of  post-mortem  lividity  ( suggilations,  livores)  are  precursors  of 
putrefaction,  which,  in  addition  to  cadaveric  rigidity,  afford  an  almost  certain 
proof  of  death  ;  these  marks  are  occasioned  by  the  blood-colom-iug  matter  dif- 
fusing out  of  the  blood-corpuscles,  first  into  the  serum,  and  afterwards  into  the 
fluids  moistening  the  arterial  walls,  the  parenchyma  of  organs  and  the  skin. 
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[APPENDIX  TO  CHAPTEKS  VIII.  AND  IX. 

The  time  has  now  arrived  when  a  more  consecutive  and  organised 
account  of  the  electrical  phenomena  of  muscle  and  nerve  is  possible 
than  that  which  is  to  be  found  in  the  body  of  this  Text-book.  It 
seems,  therefore,  desirable  to  supplement  the  account  already  pre- 
sented to  the  student  by  a  brief  statement  of  the  latest  researches 
into  the  subject,  and  at  the  same  time  to  help  the  student  to  put 
into  their  proper  places  the  very  numeroiis  facts  of  which  he  has 
already  become  master.  In  order  to  do  so,  the  editor  of  Hermann's 
'Physiology'  need  not  apologise  for  making  use  of  the  arrange- 
ment sanctioned  by  Professor  Hermann  himself,  in  a  pamphlet 
containing  a  remarkably  succinct  historical  and  critical  statement 
of  the  whole  subject. 

THE  ELECTRO-MOTIVE  PEOPERTIES  OF  ORGANS  AT  EEST. 

Muscles  of  animals  when  in  repose,  and  perfectly  uninjured, 
never  exhibit  any  differences  of  electric  potential  save  such  as  are 
inseparable  from  all  moist  conductors.  This  is  ascertained  (1)  by 
using  only  such  muscle-preparations  as  have  been  made  with 
scrupulous  care,  and  especially  such  as  have  been  defended  from 
the  extremely  deleterious  skin-secretion  of  the  frog  ;  (2)  by  using 
muscles  which  are  still  protected  by  their  covering  of  skin,  the 
cm-rents  proper  to  the  latter  having  previously  been  destroyed  by 
cauterizing  the  skin  with  salt-solution ;  (3)  by  testing  the  muscles 
of  fishes  through  the  skin,  which  is  fortunately  destitute  of  cutaneous 
currents ;  (4)  by  using  the  muscular  tissue  of  the  heart,  which 
admits  of  ready  preparation  in  an  uninjured  condition.  In  the 
course  of  this  investigation  it  appears  that  cold  did  not,  as  was 
taught  by  Du  Bois-Eeymond,  specially  favour  a  currentless  con- 
dition of  the  muscles. 

But,  in  inflicting  an  injury  upon  a  muscle,  an  electro-motive 
force  can  readily  be  demonstrated  to  exist,  of  such  a  nature  that 
the  injured  portion  has  a  negative  electric  potential  in  comparison 
with  the  uninjured  portions.  This  electro-motive  force  must  not 
be  supposed  to  be  pre-existent  within  the  muscular  tissue,  for  a 
certain  interval  of  tirne  is  requisite  for  its  development  after  the 
infliction  of  the  injury:  it  is  not  a  force  which  is  merely  un- 
masked, it  is  actually  produced  in  the  act  of  injury.    This  may  be 
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demonstrated  by  means  of  a  special  apparatus,  the  Fall-Rheotome, 
for  an  exact  description  of  which  the  English  student  is  referred 
to  Professor  Burdon-Sanderson's  '  Report '  in  '  Foster's  Journal  of 
Physiology.'  ^ 

Not  only  does  the  protoplasmic  tissue  of  muscle  exhibit  an 
electro-motive  force  where  there  is  the  contact  of  injured  and 
dying  portions  with  still  living  portions;  other  protoplasmic 
tissues,  such  as  nerves,  glands  filled  with  nncoagulated  blood, 
vegetable  tissues,  &c.,  under  similar  circumstances,  exhibit  similar 
currents.  When  they  are  injured  by  being  cut  with  the  knife, 
the  cut  surface  assumes  a  lower  electric  potential  than  the  rest  of 
the  oi-gau,  which  is  still  normal. 

Tliat  these  currents  are  due  to  the  contact  of  living  and  dying 
portions  of  tissue  is  clear  from  several  considerations.  Hermann 
himself  observed  that  the  cross  sections  of  vegetable  tissues 
assumed  a  very  transitory  negative  potential,  and  that,  when  the 
negative  potential  had  vanished,  it  could  at  once  be  restored 
by  making  a  fresh  section.  This  is  readily  explained  on  the 
assumption  that  dying  tissue  is  necessary  to  the  electro-motive 
force  ;  for  as  soon  as  the  death  changes  have  destroyed  the  whole 
protoplasmic  contents  of  the  cells  which  are  broken  into  by  the 
knife  in  the  act  of  section,  the  electro-motive  conditions  are 
removed.  On  the  same  assumption  also  it  is  easy  .to  explain  the 
observed  fact  that  in  certain  long-fibred  plants  artificial  longi- 
tudinal sections  have  a  higher  electric  potential  than  artificial 
transverse  sections  ;  for  the  contents  of  the  longitudinally  split 
fibres  die  much  more  rapidly  than  the  contents  of  the  transversely 
divided  ones.  Of  similar  import  are  the  recent  observations  of 
Engelmann  on  the  currents  caused  by  injuries  to  the  muscular 
tissues  of  the  heart,  uterus,  and  intestines.  Here  the  muscle-cells 
are  small,  and  the  death-changes  are  restricted  to  the  cells  which 
are  actually  injured  during  section,  as  in  the  case  of  the  small- 
celled  vegetable  tissues  mentioned  above.  And,  in  the  last  place, 
the  similar  transitional  character  of  the  currents  of  injury  in  nerves 
has  been  similarly  explained  by  Engelmann  ;  for  in  them  the  nodes 
of  Ranvier,  although  permitting  the  passage  of  excitatory  waves, 
yet  confine  the  processes  of  death  to  the  internode  immediately 
injured  by  the  knife. 

The  same  proposition  is  still  more  ingeniously  supported  by 
Engelmann.  If  a  living  frog's  muscle  be  subcutaneously  divided, 
the  negative  potential  of  the  artificial  cross-section  gradually 
diminishes  and  finally  disappears,  under  the  influences  of  the  blood- 
circulation  and  of  the  nerves  supplied  to  the  part.  The  effect, 
therefore,  of  the  restitutional  processes  in  muscle  is  to  annid  the 

'  A  Report  on  Prof.  L.  Hermann's  recent  Resenrclies  on  the  Electro-motive  properties 
of  Muscle,  by  T.  Burden  Sanderson.    Jnwnal  of  Physio'ojy,  vol.  i.  196-212. 
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electro-motive  force  called  forth  by  injuries.  But  if  nature  has  so 
strong  a  tendency  to  counteract  the  electro-motive  disturbance  of 
artificial  sections,  it  is  probable  that  no  muscle  in  a  state  of  nature 
exhibits  a  current.  Since  the  electro-motive  force  possessed  by 
muscles  which  have  suffered  injury  resides  at  the  surface  of  contact 
of  the  living  and  dying  tissue,  Hermann  proposes  to  call  all  such 
currents  of  injury,  boundary  currents  (Demarcationsstrome). 

Not  only  are  injuries  to  muscular  tissue  followed  by  the  deve- 
lopment of  electro-motive  forces,  but  a  difference  of  temperature  in 
the  same  muscular  fibre  has  the  same  effect.  Hermann  has  dis- 
covered that  warm  living  portions  of  muscle  have  a  higher  electric 
potential  than  less  warm  living  portions  ;  and  not  only  so,  but  that 
the  same  relation  holds  between  warm  living  and  cold  dying  tissue. 

The  conditions  being  known  of  the  development  of  electro- 
motive force  in  individual  muscular  fibres,  it  is  easy  to  understand 
the  electrical  phenomena  of  entire  muscles.  But  as  these,  in  their 
various  forms  of  '  weak '  and  *  strong '  currents,  and  '  currents  of 
inclination,'  are  fully  described  in  the  body  of  the  book,  they  will 
here  be  passed  over. 

ELECTEOTONUS. 

It  was  observed  by  Matteucci  that,  if  the  electrodes  from  a 
battery  were  applied  to  two  points  of  a  wire  covered  with  some 
moistened  conducting  substance,  certain  currents  could  be  demon- 
strated in  the  covered  wire  resembling  the  electrotonic  currents  of 
nerves  already  described  (p.  349).  If  the  wire  were  made  of 
amalgamated  zinc,  and  its  sheath  moistened  with  saturated  solu- 
tion of  zinc  sulphate,  these  currents  did  not  appear,  whence  it  was 
evident  that  they  were  due  to  polarization  between  the  metallic 
cone  and  the  moistening  fluid  of  the  sheath.  Now  nerves  and 
muscles  resemble  the  wire  with  its  moistened  covering  in  that  they 
each  consist  of  a  peculiar  tissue  enclosed  in  a  sheath  of  a  different 
substance.  Under  the  conditions  of  the  above  described  experi- 
ment, therefore,  they  exhibit  the  same  electrical  phenomena, 
which  are  to  be  explained  in  the  same  manner  as  due  to  a  polari- 
zation occurring  between  the  sheath  and  its  contents. 

By  the  help  of  this  doctrine  of  internal  transverse  polarization 
all  the  phenomena  of  electrotonus  in  nerve-trunks  can  be  explained, 
and  especially  the  circumstances  that  the  electrotonic  states  require 
no  appreciable  time  for  their  establishing ;  and  that,  when  estab- 
lished, they  cannot  extend  beyond  a  point  of  nerve  that  has  been 
pinched  through  with  a  ligature. 

The  electrotonic  phenomena  of  muscle  are  much  more  difficult 
to  demonstrate  than  those  of  nerve. 
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ELECTRO-MOTIVE  PROPERTIES  DURING  ACTIVITY. 

A.  Muscle. 

Excitation  travels  along  muscle  and  nerve  in  the  form  of  a 
wave  with  a  measurable  rapidity.  An  examination  of  the  electrical 
condition  of  such  excited  nerves  and  muscles  discovers  that  there 
is  associated  with  the  excitatory  wave  in  its  course  over  the  organ, 
a  wave  of  negative  potential  which  used  to  be  called  the  '  wave  of 
negative  deflection.'  In  point  of  fact  nervous  or  muscular  tissue 
in  the  act  of  excitation  exactly  resembles  dying  tissue  in  its  elec- 
trical relations  to  normal  resting  tissue.  The  currents  caused  by 
the  contact  of  excited  tissue  with  resting  tissue  are  called  by 
Hermann  afunctional  currents '  (Actionsstrome).  Of  these  there 
are  two  sorts,  one  associated  with  a  single  contraction  (of  muscle), 
the  other  associated  with  tetanus.  "When  a  single  excitatory  wave 
runs  down  a  muscular  fibre  which  is  connected  with  a  galvanometer 
at  two  spots,  each  spot  will  have  a  lower  potential  than  the  other 
as  the  excitatory  wave  passes  it.  Hence  the  functional  current  in 
the  case  of  a  single  contraction  consists  of  two  distinct  phases,  of 
which  the  first,  a  descending  current,  may  be  termed  *  atterminal,^ 
and  the  second,  an  ascending,  '  ahterminal : '  while  the  whole  may 
be  called  the  '  phasic  functional  currenf  The  phases,  when  ex- 
cised muscles  are  used,  are  never  equally  intense,  the  abterminal 
being  invariably  weaker  than  the  atterminal.  This  difference  is 
due  to  a  diminution  in  the  intensity  of  the  excitatory  wave  in  its 
course  down  the  muscle,  such  as  will  be  more  fully  described 
below. 

What  is  here  said  applies  both  to  the  direct  excitation  of 
muscle  and  to  excitation  brought  about  through  the  nerves.  In 
the  latter  case  the  excitatory  wave  starts  from  the  mid-point  of 
the  muscular  fibre,  where  the  nerve  enters,  and  travels  thence 
towards  both  ends  at  once.  At  first  the  centre  of  the  fibre  is  elec- 
trically negative  in  comparison  with  the  ends  ;  but  afterwards  the 
relation  is  reversed,  and  the  ends  acquire  a  negative  potential. 
Thus  each  half  of  the  fibre  experiences  the  two  successive  phases, 
the  *  atterminal '  and  the  '  abterminal.'  If  the  fibre  presents  an 
injured  section,  and  if  the  excitatory  wave  is  travelling  towards 
the  part  injured,  the  second,  abterminal,  phase  never  appears,  on 
account  of  the  constant  negative  potential  of  the  injured  end. 

If,  on  the  other  hand,  the  muscular  fibre  is  tetanized— whether 
excitation  travels  in  an  undulatory  form  over  the  whole  fibre  or 
seize  it  as  a  whole— the  electrodes  must  be  the  more  negative  the 
greater  the  excitatory  value  of  the  particular  spot  beneath  them. 
The  current  obtained  under  these  circumstances  is  called  a  '  tetanic 
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functional  current^  and  the  nature  of  it  will  be  better  understood 
from  a  consideration  of  what  follows. 

In  its  progress  along  the  fibres  of  an  excised  muscle,  the  ex- 
citatory wave  experiences  a  diminution  of  intensity  which  is  the 
more  considerable  as  the  muscle  becomes  more  fatigued.  0  wing- 
to  this  diminution  of  intensity,  an  excited  spot  near  the  starting- 
point  of  the  excitatory  wave  has  a  lower  electric  potential  than  an 
excited  spot  more  remote.  Hence,  if  a  muscle  be  tetanized  by 
stimuli  applied  to  one  end  of  it,  and  if  the  poles  of  a  galvanometer 
be  attached  to  two  points  of  the  tetanized  muscle,  one  near  and 
one  remote  from  the  point  of  stimulation,  a  current  is  obtained 
passing  in  the  muscle  from  the  stimulated  towards  the  opposite 
extremity  of  the  muscular  fibres ;  and  the  magnitude  of  it  is  solely 
dependent  upon  the  relative  distances  of  the  galvanometer  elec- 
trodes from  the  stimulated  spot.  Such  are  the  tetanic  functional 
cm-rents  called  forth  by  direct  stimulation  of  muscles  which  are 
removed  from  the  body  but  otherwise  uninjured.  When  stimulated 
through  their  nerves,  muscles  exhibit  the  same  phenomena.  A 
functional  current  presents  itself  which  is  dependent  upon  the 
relative  distances  of  the  galvanometer  poles  from  the  '  nervous 
equator '  of  the  muscle,  i.e.  the  equatorial  plane  in  which  the 
nerve-endings  join  the  muscular  fibres. 

In  the  case  of  muscles  possessed  of  an  artificial  cross-section, 
the  tetanic  functional  current  is  somewhat  masked.  Assumino- 
such  a  muscle  to  be  tetanical  stimulated  at  the  end  remote  from 
the  section,  it  is  clear  that  the  tetanic  functional  current  will  be 
opposed  to  the  boundary  current  in  direction,  and  will  tend  to 
counteract  it.  Hence  the  functional  current  will  lead  to  a  diminu- 
tion or  'negative  deflection'  of  the  boundary  cm-rent;  for  which 
reason  it  has  been  called  by  Hermann  a  '  levelling '  or  '  equalizing ' 
current  (ausgleichende). 

The  diminution  in  intensity  of  excitatory  waves  as  they  pass 
along  a  muscle  is  only  observed  in  the  case  of  muscles  removed 
from  the  circulation  and  not  when  they  are  under  absolutely 
normal  conditions.  This  may  be  strikingly  demonstrated  in  the 
fore-arm  of  man.  If  one  of  the  electrodes  of  a  galvanometer 
circuit  be  applied  to  the  skin  of  the  fore-arm  at  the  level  of  the 
'  nervous  equator ' — about  10  cm.  below  the  elbow — while  the  other 
is  applied  to  the  skin  near  the  wrist,  and  if  a  single  electric  shock 
be  given  to  the  nerves  of  the  brachial  plexus  through  the  skin  of 
the  arm,  a  phasic  current  may  be  demonstrated  in  the  muscles  of 
the  fore-arm,  the  two  phases  of  which  are  of  equal  intensity.  For 
a  similar  reason  it  is  impossible  to  arouse  a  tetanic  functional 
current  in  the  absolutely  normal  muscles  of  man,  unless,  perhaps, 
when  they  are  greatly  fatigued ;  for  the  rapid  restitutional  pro- 
cesses prevent  the  diminution  of  excitatory  intensity  upon  which 
the  tetanic  functional  current  depends. 

o  o  2 
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When  an  uninjured  currentless  muscle  is  thrown  into  activity 
by  a  stimulus  affecting  its  whole  mass  at  once,  it  never  exhibits 
any  functional  current,  whether  the  stimulus  be  single  or  tetanic ; 
for  in  such  a  totally  excited  muscle  the  whole  substance  passes  at 
the  same  moment  into  the  same  degree  of  excitation,  and  nowhere 
is  the  opportunity  given  for  the  contact  of  excited  with  non- 
excited  or  imperfectly-excited  tissue.  If  the  muscle  possesses  an 
artificial  surface  and  a  boundary  current,  the  effect  of  total 
excitation  is  to  cause  a  '  levelling '  or  '  equalizing '  current  which 
diminishes  the  current  of  injury. 

It  has  long  been  known  that  a  limb  the  muscles  of  which  are 
voluntarily  and  violently  contracted  exhibits  an  ascending  current 
which  used  to  be  ascribed  (Du  Bois-Reymond)  to  the  algebraic 
summation  of  the  tetanic  functional  currents  of  the  contracted 
muscles.  This  explanation  is  now  no  longer  tenable  ;  and  quite 
recently  Hermann  has  observed  that  excitation  of  human  muscles 
is  followed  by  a  secretory  current  in  the  superjacent  skin  which  is 
directed  from  without  inwards.  This,  doubtless,  is  the  cause  of 
the  phenomenon. 

B.  Nerve. 

A  phasic  functional  current  of  uninjured  nerves,  though  doubt- 
less existing,  has  hitherto  escaped  detection,  presumably  owing 
to  its  exceedingly  fleeting  character  ;  and  there  are  theoretical 
reasons  for  believing  that  the  tetanic  functional  current  is  self- 
destructive.  For  the  excitatory  undulations  in  nerve  do  not 
diminish  in  intensity  in  their  course  along  the  nerve,  whence  it  is 
to  be  expected  that  the  phases  of  the  phasic  current  will  turn  out 
to  be  exactly  equal.  But,  since  the  tetanic  functional  curreut  is 
but  the  algebraic  sum  of  a  series  of  equal  and  opposite  phases,  it 
should  always  remain  nil. 

In  nerves  bounded  by  an  artificial  section  and  exhibiting  a 
boundary  current,  the  presence  of  functional  currents  has  been 
detected  both  in  the  case  of  single  and  tetanic  stimulation.  In 
both  cases  it  is  a  *  levelling '  or  '  equalizing '  cui-rent,  and  brings 
about  a  diminution  or  negative  deflection  of  the  constant  boundary 
current.  The  rate  of  transmission  of  the  wave  of  negative  deflec- 
tion has  been  determined  and  found  to  be  equal  to  the  rate  of 
conductivity  of  nerves  deduced  by  other  methods.  This  coinci- 
dence is  taken  as  a  proof  of  the  identity  of  the  processes  in  the 
two  cases. 

The  most  interesting  effect  of  the  functional  currents  of  nerves 
is  their  effect  upon  the  electrotonic  cm-rents.  The  electrotonic 
currents  of  a  nerve,  on  excitation  of  the  nerve,  suffer  diminution 
like  the  boundary  current.  This  is  due  to  the  production  of  a 
functional  current,  owing  to  the  polarized  condition  of  the  nerve, 
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vfhich  is  opposite  in  direction  to  the  polarizing  and  electrotonic 
currents.  In  order  to  explain  this  functional  current  it  is  assumed 
that  the  excitatory  wave  varies  in  intensity  as  it  passes  through 
the  different  electrotonic  areas,  becoming  more  intense  as  it 
approaches  more  positively  or  less  negatively  polarized  portions  of 
the  nerve,  and  vice  versa.  This  is  called  the  doctrine  of  the 
'  polarizational  increment  of  excitation,'  and  it  rests  upon  the 
following  among  other  considerations.  There  is,  during  excita- 
tion of  a  polarized  nerve,  a  powerful  intrapolar  current  of  like 
direction  with  the  polarizer.  This  is  not  due  to  a  diminution  of 
the  resistance  offered  by  the  nerve  during  the  period  of  excitation, 
as  was  formerly  supposed  (Grriinhagen),  for  the  powers  of  resistance 
of  nerves  are  in  no  wise  altered  during  excitation  (Hermann) ;  but 
it  is  a  distinct  electro-motive  phenomenon.  It  would  follow  directly 
from  the  above  doctrine:  since,  according  to  it,  the  excitatory 
wave  passing  along  the  polarized  nerve  would  be  most  intense  at 
the  polarizing  anode  and  least  intense  at  the  polarizing  cathode — 
precisely  the  electro-motive  conditions  which  are  favourable  for  the 
production  of  such  an  intrapolar  current.] 


[The  advanced  student  who  may  wish  to  consult  the  original 
memoirs  which  form  the  basis  of  the  above  account,  is  referred  to 
the  following  list : — 

Die  Ergebnisse  neiierer  Untersuchungen  aiif  dam  Gebiete  der  thie- 

rischen  Electricitat.    L.  Hermann,  1868. 
Untersuchungen  iiber  die  Entwicklung  des  Muskelstroms.  Pfiiig. 

Arch.  vol.  XV.  p.  191. 
Versuche  mit  dem  Fall-Ilheotoiii  iiber  die  Erregungsschwankimg 

des  Muskels.    Pflug.  Arch.  vol.  xv.  p.  233. 
Untersuchungen  iiber  die  Actionsstrome  des  Muskels.  Pfliig.  Arch. 

vol.  xvi.  p.  191. 

Ueber  den  Actionsstrom  der  Muskeln  in  lebenden  Menschen.  Pfliig. 
Arch.  vol.  xvi.  p.  410.] 
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ABDUCENS,  363 :  see  Sixth  Cranial 
Nerve 

Aberration,  chromatic  and  spherical,  of 
the  eye,  396 

Absolute  power  of  muscle,  279, 280,  282 

Absorption,  168 ;  forces  concerned  in, 
166 ;  effect  of  nervous  system  in, 
166 ;  seats  of,  167 ;  of  various  con- 
stituents of  foods,  167 ;  by  the  skin, 
168  ;  of  parenchymatous  juices,  168; 
preparation  of  food  for,  172 

Accelerating  nerves,  475 ;  of  the  heart, 
111 

Accommodation  of  the  eye,  positive 
and  negative,  388 ;  how  accomplished, 
389 ;  how  demonstrated,  390 ;  changes 
in  refractive  media  during,  390  ; 
muscles  and  nerves  concerned  in, 
390,  391, 392  ;  rapidity  of,  391 ;  range 
of,  392 ;  far-  and  near-points  in,  392  ; 
influence  of  age  upon,  393 

—  of  the  ear,  442 

Acetic  acid,  relation  of,  to  acetic  ether, 

27  ;  to  glycocine,  38 
Acid,  hydrochloric,  12  ;  sulphuric,  12  ; 

phosphoric,  12  ;  nitric,  13 
Acids,  aromatic,  22 

—  biliary,  17 

—  fatty,  13 

—  glycollic,  14,  39 

—  inorganic,  12 

—  oleic,  17 

—  oxalic,  16 

Acid-rigor  of  muscle,  281 
Acidification  of  the  blood,  76 
Acoustics  of  voice,  317 
Aero  tonometer,  187 
Aesthesodic  substance,  487 
After-birth,  554 

After-currents  in  electrotonus,  346 
After-images,  412  ;  negative,  401,  413 
After-pains,  554 
After-smells,  458 


ASS 

After-sounds,  453 

Agminated  glands,  169 

Alanine,  41,  42 

Albumens,  52 

Albuminates,  53 

Albuminoid  bodies,  64 

Alcohols,  definition  of,  23 

Alimentary  canal,  172  ;  development 

of :  see  Embryo 
Allantoine,  44 

AUantois,  development  of,  544 
Alloxan,  38,  43 
Alloxantine,  38 
Alternate  generation,  528 
Amines,  35 

Ammonia,  34 ;  in  respiration,  186 

Amnion,  development  of,  544 

AmpuUiB,  437,  443 

Anemic  convulsions,  206 

Analgesia,  489 

Anelectrotonus,  335 

Anisic  acid,  22 ;  relations  to  anisuric 
acid,  41 

Ankle-joint,  314 

Anode,  335 

Antialbumin,  143 

Antipeptones,  54,  143 

Antozone,  9 

Aphasia,  508 

Apnoea,  202 

Aqueous  humour,  374 

Aristotle's  experiment,  464 

Arterial  system,  systemic,  79  ;  pulmo- 
nary, 79 

Arterial  tension,  89 

Articulate  sounds,  324 ;  classification 

of,  324 
Asphyxia,  203,  205 
Aspirates,  327 
Aspiration  of  the  thorax,  99 
Assimilation,  216 

Associated  movements,  510 :  of  iris, 
394,  395 
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Associating  fibres,  490 

Astigmatism,    regular  and  irregular, 

397  ;  spectacles  for,  397 
Atmograph,  199 

Atmosphere,  composition  of,  184 
Atropia,  action  of,  on  heart,  118  ;  on 

accommodating  mechanism,  389,  392 
Auditory  nerve,  366, 443  ;  origin  of,  493 
Auditory  sensations,  445 
Automatic  centres  of  the  spinal  cord, 

—  urogenital,  vesicle,  rectal,  485  ; 

of  vascular  and  muscular  tonus,  485 
Automatism,  474;  periodic,  474 
Avalanche-effect,  344 
Axis-cylinder  of  nerves,  332 


BALANCE  of  the  losses  and  gains  of 
the  body,  229 
Barbituric  acid,  38 
Beats,  450 
Beer,  226 

Benzoic  acid,  22,  40 
Benzol,  22 

Bidder's  ganglion,  107 

Bile,  constituents  of,  138 ;  modes  of 
obtaining,  138  ;  secretion  of,  138 ; 
action  of  liver-cells  in  secretion  of, 
139;  antecedents  of,  139;  chemical 
processes  in  secretion  of,  140  ;  con- 
ditions affecting  secretion  of,  140; 
amount  secreted  daily,  140 ;  abnormal 
constituents  of,  140 ;  discharge  of, 
140 ;  fate  of,  in  absorption,  141 ; 
function  of,  142 

Biliary  acids,  salts  of  (crystallised 
bile),  18,  138 

Bilicyanin,  47 

Bilifuscin,  47 

Biliprasin,  47 

Bilirubin,  45 

Biliverdin,  46 

Binaural  audition,  454 

Binocular  vision,  421 

Birth,  528,  552 

Black,  402 

Bladder,  closure  of,  154,  155 ;  emptying 
of,  154 

Blastoderm,  535  ;  old  views  concerning, 
551 

Blind  spot  of  retina,  399,  408 
Blinking,  435 

Blood,  59 ;  specific  gravity  of,  59 ; 
corpuscles  of,  59  ;  their  enumeration, 
60 ;  their  origin,  210 ;  colourless 
corpuscles  of,  63;  their  conversion 
into  red,  213  ;  chemical  composition 
of  red  corpuscles  of,  60  ;  destruction 
of  red  corpuscles  of,  214  ;  crystals 
of  the,  61  ;  constituents  of  plasma 
of,  63 ;  gases  of,  64,  68,  et  seq. ; 
determination  of  gases  of,  65 ;  the 
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oxygen  of  the,  68 ;  the  carbonic  acid 
of  the,  71 ;  the  nitrogen  of  the,  71 ; 
different  kinds  of,  72  ;  quantity  of, 
in  the  body,  73;  summary  of  the 
quantitative  composition  of  the,  73  ; 
coagulation  of  the,  78  ;  death  of  the, 
75 ;  circulation  of  the,  79  ;  distribu- 
tion of  the,  in  the  body,  105;  emi- 
gration of  the  corpuscles  of  the,  119  : 
immigration  of  the  corpuscles  of  the^ 
166';  heat  of  the,  in  the  heart,  186, 
257  ;  tension  of  the  gases  m  the, 
1 86, 187 ;  chemical  exchanges  among 
the  constituents  of  the,  214 ;  con- 
stancy of  the  constituents  of  the, 
how  maintained,  215  ;  constancy  in 
the  amount  of,  221 ;  menstrual,  532 
Blood-pressiure,  89  ;  circumstances  in- 
fluencing, 89,  114;  methods  of  de- 
termining, 90 ;  amount  of,  in  carotid 
of  dog,  95  ;  in  the  brachial  artery, 
the  aorta,  and  the  pulmonary  artery, 
95  ;  influence  of  respiration  upon, 
99 ;  amount  of,  in  veins,  99 ;  and 
heart-rate,  reciprocal  relation  of, 
115 

—  -vessels,  innervation  of.  111 ;  tomas 
of,  112  ;  conditions  of  tonus  of,  114; 
possible  peristalsis  of,  112  ;  develop- 
ment of  :  see  Embryo. 

Blushing,  114,  498 

Bone,  constituents  of,  127  marrow  of, 
212 

Brain,  chemical  composition  of  white 
matter  of,  472  :  of  grey  matter  of, 
473 ;  conduction  to,  487  ;  structure 
of  :  see  Encephalon;  functions  of,  in 
connection  with  anatomy  of,  498  ; 
methods  of  experimentation  upon, 
494  ;  development  of  :  see  Embryo 

Bread  as  food,  226 

Bronchial  tubes,  muscles  of,  195 

Bruit  musculaire  :  see  Muscle 

Brunner's  glands,  secretion  of,  145 

Butalanine,  41 

Butter  and  butter-milk,  160 

Butyric  acid,  relation  of,  to  propionic 
acid,  13 


CALORIFICATION  of  the  blood  at 

\J    death,  76 

Canalis  cochlearis,  443 

Canalis  reuniens,  443 

Capillaries,  circulation  through,  102  ; 

contractility  of  walls  of,  112 
Carbamic  acid,  36 
Carbamide  or  urea,  35 
Carbon,  9 

Carbonic  acid,  14  ;  its  presence  in  (he 
blood,  71 ;  tension  of,  in  the  blood, 
187  ;  in  the  tissues,  190 
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Carbonic-oxide  compound  with  hfemo- 

globin,  69 
Cardiac  drugs,  118 
Cardinal  points  of  the  eye,  383 
Cardiograph,  85 
Carmine,  44 

Carpet  phenomenon,  434 
Cartilage,  constituents  of,  128 
Cascade-effect  in  stimulation  of  nerve, 
344 

Casein  in  milk,  158  ;  origin  of,  159 
Catelectrotonus,  335 
Cathode,  335 
Cellulose,  33 

Central  organs  of  nervous  system,  as 
liberators  of  energy,  5 ;  chemistry 
of,  472  ;  general  functions  of,  474  ; 
special  fimctions  of,  476 

Centred  system  of  refracting  surfaces, 
381,  383  ;  in  the  eye,  409 

Centres,  intracardiac,  106 

Centrifugal  and  centripetal  nerve- 
fibres,  342,  351,  355 

Centrum  cilio-spinale,  485 

Cereals  as  food,  226 

Cerebellum,  504 

Cerebripetal  and  cerebrifugal  fibres, 
487 

Cerebrum,  505 

Ceruminous  glands  and  secretion,  156, 
455 

Cheese,  160,  226 

Chemical  exchanges  in  the  blood,  214 
Chemical  phenomena  of  muscle,  294, 
295 

Chenocholic  acid,  18 
Chenotamrocholic  acid,  18,  21 
Chest-measures,  199 
Chest-voice,  324 

Cheyn  and  Stokes'  phenomenon,  203 
Chinic  acid,  40 
Chitin,  57 

Chlorobenzoic  acid,  22 
Choleletin,  47 
Cholesterin,  23 
Cholic  acid,  18,  20 
Choline,  31,  35 
Choloidic  acid,  18,  20 
Chondrin,  57 
Chorion,  537,  545 

Chromatic  aberration  of  the  eye,  396 
Chyle,  170 
Chyme,  174 

Ciliary  muscles  and  nerves  of  the  eye, 
390 

Ciliated  cells,  303 

Circles  of  diffusion  on  the  retina,  387  ; 
of  the  skin,  466 

Circles  of  sensibility,  466 

Circulation  of  the  blood,  79  ;  velocity 
of  the,  103 ;  instruments  and  methods 
employed  to  measure,  104  ;  nervous 
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mecbanisms  of  the  (summary  state- 
ment), 115 

Cirrhi,  auditory,  443 

Claustrum,  in  aphasia,  508 

Coagulation  of  the  blood,  75 ;  theories 
of,  77 

Cochlea,  444  ;  function  of,  449 
Coefficient  of  absorption,  64  ;  of  venti- 
lation, 199 
Coitus,  535 

Cold-blooded  animals,  256 
Colostrum,  159 

Colouring  matters  of  the  animal  body, 
45  ;  of  the  bile,  45  ;  of  the  urine,  48 

Colours,  simple  and  mixed,  402 ;  laws 
of  perception  of,  403  ;  theory  of  per- 
ception of,  404 

Columella :  see  Ossicula  auditus 

Complemental  air,  199 

Complementary  colours,  403,  413 

Compounds,  chemical,  of  the  body,  10 

Commissui-al  fibres  of  the  cerebrum,  490 

Common  sensations,  461 

Conduction  to  brain,  487  ;  paths  of,  487 

Conduction  by  nerve  fibres,  rapidity  of, 
344  ;  modes  of  investigating,  345 

Conductivity  of  nerve  fibres,  342 ;  in 
two  directions,  343 

Cones  and  rods  of  retina,  399,  405,  406, 
407,  411 

Conjugate  foci,  378 ;  focal  distances, 

378 ;  planes,  380 
Conjugating  powers  of  the  organism, 

some  important,  147 
Conjunctiva,  435 

Connective  tissue,  constituents  of,  128 
Consciousness,  states  of,  6,  506 
Consonance,  450 

Consonants,  327  ;  classification  of,  328  ; 

compound,  329 
Constancy  of  amount  of  the  blood,  221 

—  of  constituents  of  the  blood,  215 
Contractility  of  muscle,  268  ;  of  cellsy 

301  ;  of  capillary  walls,  112 
Contraction  of  muscle,  270,  300 :  see 

also  Muscle;  Pfliiger's  law  of,  337, 

339 ;    paradoxical,    343,    347 ;  of 

simple  cells,  301 
Contrast,  simultaneous,  414 
Contrasting  colours,  413 
Convulsion-centre,  496 
Conviilsions,  of  anasmia,  206,  496  ;  of 

dyspnoea  :  see  Dyspnoea  :  reflex,  480  ; 

stretching,  480 
Co-ordinated  movements,  510 
Cornea,  374 

Corpora  cavernosa  penis,  634 

—  quadrigemina,  502 

—  striata,  603 

Corpus  luteum,  531,  537 
Corpuscles  of  the  blood  :  see  Blood 
Corresponding  points  of  retina,  421 
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Cortex  cerebri,  function  of,  505  ;  loca- 
lization of  function  of,  507,  et  seq. 
Corti,  organ  of,  444  ;  its  function,  449 
Coughing,  204 
Cowper's  glands,  535 
Cranial  nerves,  356  ;  origins  of,  492 
Cream,  160 
Creatine,  42 
Creatinine,  44 

Crura  cerebri,  structure  and  functions 

of,  493 
Crystallized  bile,  18,  138 
Crystals  of  blood,  61 
Curare,  elimination  of,  153  ;  action  of, 

on  heart,  118 
Cyanamide,  42 

Cyanic  acid,  relations  of,  to  urea,  37 

Cyanosis,  207 

Cystine,  41 ;  in  sweat,  157 


DALTONISM,  406 
Darwinian  theory,  522 
Death  of  the  body,  555  ;  of  the  blood,  75 
Decompositions  which  occur  in  the 

living  body,  2  ;  hydrolytic,  27 
Defcfication,  181 

Defensive  reflex  movements,  479 
Definition  of  physiology,  1 
Degeneration,  fatty,  of  nerves,  334 
Deglutition,  178  ;  force  of,  180 
Development  of  ovum,  527 ;  various 

modifications  of,  528  ;  in  man,  537 
Dextrin,  33 

Dextrose  or  glucose,  25,  26 
Diabetes,  220 
Diakiric  acid,  38 

Diapedesis  of  blood  corpuscles,  119 
Diastole  of  the  heart,  81 
Diathermancy  of  ocular  media,  402 
Diet,  225 ;  consequences  of  excessive, 
237 

DiflEerence-theory,  of  muscular  cur- 
rent, 293  ;  of  nerve  current,  349 
Differential  rheotome,  292 
Diffusion,  as  regards  secretion,  122 
—  circles  of,  on  the  retina ;   in  the 
skin,  466 

Digestion,  172-183  ;  chemical  processes 
of,  172  ;  essential  nature  and  pur- 
poses of,  176;  mechanical  processes 
of,  177 

Diphthongs,  327 

Diplopia,  357,  428 

Direction  of  sounds,  how  appreciated, 
455 

Discs  of  Bowman,  264 
Discus  proligerus,  626,  530 
Disdiaclasts,  264,  300 
Dissonance,  452 

Distance  of  objects  in  vision,  how  de- 
termined, 433 


Distearyl-glycerinphosphoric  acid,  31 
Distribution  of  blood  in  the  body,  105 
Dolium  galea,  acid  secretion  of,  12 
Doyfere,  eminence  of,  265 
Dreams,  515 
Drugs,  cardiac,  118 
Duct  of  cochlea,  444 
Dyslysin,  18 

Dyspnoea,  203,  206,  473,  486 


EAR,  essential  structure  of,  437  et 
seq.\  443  et  seq.  See  also  Hear- 
ing 

 trumpets,  438 

Economy  of  the  body,  229 
Egg-albumin,  52 
Eggs  as  food,  226 
Eighth  cranial  nerve,  366 
Elastin,  55 

Electrical  currents  of  muscle,  285 ; 
weak  and  strong,  288 ;  of  inclina- 
tion, 288 ;  magnitude  of,  289  ;  cause 
of,  289, 292  ;  in  hybernating  animals, 
289 ;  effects  of  heat  and  cold  on, 
290 ;  negative  variation  of,  290  ; 
theories  of,  292,  559 

 of  nerve  (proper),  347  ;  magni- 
tude of,  347  i  eflEects  of  temperature 
on,  347  ;  negative  variation  of,  347  ; 
cause  of,  348 

 i  (electrotonus),  346,  561  ; 

negative  variation  of,  347 ;  cause  of, 
349 

 of  skin,  289 

Electrodes,  non-polarizable,  286 

Electrotonus,  335, 346, 847, 561  ;  magni- 
tude of  currents  in,  346  ;  explanation 
of  iDhenomena  of,  349,  561 

Eleventh  cranial  nerve,  368  :  see  Tenth 
and  Eleventh  Cranial  nerves. 

Embryo,  outlines  of  development  of, 
538,  et  seq. 

Emetics,  action  of,  182 

Emidine,  56 

Emigration  of  blood  corpuscles,  119 

Emissio  seminis,  534,  535 

Emmetropic  eye,  392 

Enarthrodial  joints,  308 

Encephalon,  its  connections  with 
cranial  and  spinal  nerves,  489  ;  asso- 
ciating fibres  of,  490  ;  commissural 
fibres  of,  490  ;  peduncular  fibres  of, 
490;  theories  of  structure  of,  490; 
connection  of,  with  basal  ganglia, 
491  ;  with  cerebellum,  492  ;  develop- 
ment of :  .see  Embryo 

End-bulbs  of  Krause,  461 

Endolyraph,  443 

Endosmotic  force,  123  ;  equivalent,  123 
Energy,  transformation  of,  in  the  body. 


INDEX. 


571 


EKT 

246 ;  doctrine  of  conservation  of, 
applied  to  the  body,  244,  et  seq. 

Entoptical  perceptions,  415 

Entotic  impressions,  453 

Epiblast,  540 

Epiglottis  in  swallowing,  178,  179 
Equivocal,  or  spontaneoiis,  generation, 
521 

Erect  posture,  311 
Erectio  penis,  534 
Ethers  and  anhydrides,  27 
Eustachian  tube,  442 
Exchange  of  material  of  the  organ- 
ism, 3 

Excitability  of  nerve,  334 

Exciting  nerves,  47  5 

Excito-motor  nerve  fibres,  351 

Excretions,  definition  of,  121 ;  enume- 
ration of,  and  losses  by,  227 

Exhaustion  and  restitution  of  muscle, 
269  ;  of  nerve,  345 

Expiration,  197 

Explosive  consonants,  327 

Extra-polar  currents  in  electrotoniLS, 
346  ;  negative  variation  of,  347 

Eye,  374,  et  seq.;  essential  structure  of, 
374  ;  optical  principles  of,  377,  et 
seq. ;  retinal  images  in  the  passive, 
387  ;  accommodation  of,  888  ;  ciliary 
muscle  of,  390 ;  ciliary  nerves  of, 

391  ;  far-  and  near-points  of,  392  ; 
emmetropic,  myopic,  hypermetropic 

392  ;  imperfections  in  media  of,  396  ; 
destination  of  light-rays  within, 
397 ;  movements  of,  415  ;  muscles 
of,  419  ;  co-operation  of  both  in 
vision,  429  ;  organs  which  protect 
the,  435 ;  of  insects  and  Crustacea, 
436 

Eyebrows,  436 
Eyelids,  435 


FACIAL   nerve,  363 ;    summary  of 
functions  of,  364 ;  paralysis  of, 
365,  458 ;  origin  of,  493 
Fssces,  175,  176  ;  evacuation  of,  181 
Fallopian  tube,  function  of,  531 
Falsetto-voice,  323 
Far-point  in  accommodation,  392 
Fat,  sources  of,  240 
Fattening,  239 
Fatty  acids,  13,  22 
Fatty  degeneration  of  nerves,  334 
Fechner's  formula,  512 
Fecundity,  duration  of,  in  woman,  530 
Feeling  and  touch,  463 
Fenestra  ovalis,  441 
—  rotunda,  440 

Ferments,  hydrolytic,  28 ;  amylolitic, 
fat-decomposing,  and  proteolytic, 
57,  58 
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Fermentation,  alcoholic,  25  ;  lactic,  26 
Fermented  liquors  as  food,  226 
Fertility,  524  ;  period  of,  possible  in 

woman,  530 
Fibrillis  of  muscle,  264  ;  of  nerve,  332 
Fibrin,  53,  75 
Fibrin-ferment,  77 
Fibrinogen  or  metaglobulin,  53 
Fibroin,  55 
Fick's  manometer,  94 
Field  of  vision,  408 
Fields  of  vision,  rivalry  of,  427,  433 
Fifth  cranial  nerve,   357 :    see  also 

Trigeminal  nerve. 
Filtration  as  regards  secretion,  122 
Fissiparous  reproduction,  522 
Flesh  as  food,  225 
Fluorescence  of  ocular  media,  397 
Focal  plane,  379 
—  points,  379 
FcBtal  envelopes,  553 
Foetus :  see  Embryo 
Fontana,  strife  of,  333 
Food,  articles  of,  225  ;  ingestion  of, 

226 

Foods,  definition  of,  222.;  classifica- 
tions of,  223,  252 
Formic  acid,  13,  22 

Fourth  cranial  nerve :  see  Trochlear 
nerve. 

Fovea  centralis  of  retina,  399,  406 
Fruits,  various,  as  food,  226 


GAINS  and  losses  of  the  body  com- 
pared, 233 
Ganglia  at  the  base  of  the  brain,  499  ; 
their  function,  500 ;  unilat-eral  lesion 
of,  500  ;  decussation  of  fibres  in, 
503 

—  of  sympathetic  system  of  nerves, 
517 

Ganglion  of  posterior  root  of  spinal 
nerves,  354  ;  function  of,  355 

Ganglion-cells,  472  ;  oxidation  in,  478  ; 
irritability  of,  473 

Gases  of  the  blood :  see  Blood 

Gastric  juice,  constituents  of,  134  ; 
proteolytic  action  of,  184  ;  effect  of, 
in  fermentation  and  putrefaction, 
135  ;  conditions  of  its  activity,  135  ; 
modes  of  obtaining,  135  ;  secretion 
of,  136  ;  nature  of  secreting  glands 
of,  186  ;  conditions  of  secretion  of, 
187  ;  fate  of,  during  absorption,  137  ; 
amount  of,  secreted  daily,  137 

Gemmiparous  reproduction,  522 

Germ-vesicle,  538 

Germinal  area,  539 

—  spot,  525 

—  vesicle,  525 
Gestation,  period  of,  529 
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Ginglymus  joints,  308 
Globulin,  62 
Globulins,  33 

Glosso-pharyngeal  nerve,  366  ;  origin 
of,  493 

Glycerin,  21,  24  ;  ethers  of,  28 
Glycerin-phosphoric  acid,  30 
Glyco-benzoic  acid,  147 
Glycocholic  acid,  18,  19,  39 
Glycocine,  38,  39 
Glycogen,  34,  218 
Glycohyocholic  acid,  18,  20 
Glycollic  acid,  14 
Glucose,  25 
Glutin  or  gelatin,  55 
Gmelin's  reaction,  46 
Graafian  follicles,  530 
Grape  sugar,  25 
Grease-spots,  29 
Green-blindness,  406 
Grey  matter  of  the  brain,  chemistry  of, 
473 

Grey  nerve  fibres :  see  Non-medullated 

nerve  fibre 
Growth  of  the  child  after  birth,  654 
Guanidine,  35 
Guanine,  44 
Guanogallic  acid,  21 
Gum,  33 

Gustatory  bulbs  or  goblets,  and  cells, 
460 

—  nerves,  468 ;  electrical  stimulation, 
461 


HJ5MATIN,  62 
Hajmin,  45 
H.'emodromometer,  Volkmann's,  104 
Haemoglobin,  45,  55,  68 ;  origin  of, 
213 

Haidinger's  tufts,  397,  415 

Hallucination,  414 

Harmonics,  317 

Harmony  of  sounds,  450 

Hearing,  437,  et  $eq. ;  essential  struc- 
ture of  organ  of,  437, 443  ;  mechanism 
of  sound  conducting  apparatus  in, 
437  ;  conduction  of  sound  in,  440 ; 
accommodation  in,  442  ;  Eustachian 
tube  in,  442 ;  end-organs  of  auditory 
nerve  in,  443  ;  functions  of  labyrinth 
in,  445  ;  sensation  of,  445 ;  analysis 

\  of  sounds  by  the  ear  in,  447  ;  sympa- 
thetic vibration,  448 ;  function  of 
cochlea  in,  449 ;  subjective  and 
entotic  phenomena  in,  453  ;  binaural, 
454 ;  appreciation  of  direction  in, 
455 

Heart,  structure  of,  81 ;  rhythmical 
movements  of,  81 ;  valves  of,  83  ; 
sounds  of,  84 ;  work  done  by,  95  ; 
innervation  of  the,  106 ;  inhibitory 
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nerves  of,  109  ;  rate  of,  in  relation  to 
blood-pressure,    115 ;  development 
of :  see  Embryo 
Heat,  of  combustion,  245 ;  of  various 
bodies,  246 

—  sources  and  development  of,  in 
the  body,  254 ;  influence  of  nerves 
on,  255  ;  losses  of,  256 

—  period  of,  in  mammals,  526,  531 
— -  -rigor  of  muscle,  281 
Helicine  arteries,  535 
Hemi-albumose,  143 
Hemiopia,  a  form  of,  427 
Hemipeptones,  54,  143 
Hip-joint,  313 

Hippuric  acid,  39,  40,  147 ;  amount  of, 

secreted  daily,  153  ;  in  sweat,  167 
Homothermous  animals,  256 
Horopter,  421 
Hubhohe  :  see  Lift 
Hunger,  227 
Hyalin,  57 
Hydrobilirubin,  47 
Hydrochloric  acid,  12 
Hydrogen,  10  ;  peroxide  of,  12 
Hydrolytic  decompositions,  27 
Hyocholic  acid,  18 
Hyodyslysin,  18,  21 
Hypermetropic  eye,  392 
Hypoblast,  543 

Hypoglossal,  372 ;  summary  of  func- 
tions of,  372  ;  origin  of,  493 
Hypoxanthine,  44 


TCHTHIDIN,  56 
1    Ichthin,  66 
Identity  in  vision,  421,  427 
Idiomuscular  contraction,  276 
Images,  408  ;  real  and  virtual,  378  ;  on 
retina,  387  ;  imperfections  of  retinal, 
396  ;  sharpness  of  retinal,  409 ;  sub- 
jective, 412  ;  double  and  simple,  428 
Immigration  of  blood  corpuscles,  166 
Impregnation  of  the  ovum,  626  ;  in 
man,  536 ;    changes  in  uterus  on, 
536 

Indican,  48  ;  in  sweat,  157 
Indifferent  point  in  electrotonus,  335 
Indol,  143 

Inhibitory  nerves,  475;  of  the  heart, 
109 

—  centre,  110 

Innervation  of  the  heart,  106  ;  of  blood 
vessels,  111 

Inogen  substance,  299 

Inorganic  constituents  of  the  body- 
salts,  11  ;  acids,  12 

Inosinic  acid,  44 

Inosit,  44 

Inspiration,  195 

Intensity  of  sounds,  445 
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Intel-central  nerve  fibres,  353 

Intestinal  juice,  144  ;  mode  of  obtain- 
ing, 144  ;  nature  and  constituents  of, 
145  ;  physiological  action  of,  145 ; 
conditions  of  activity  of,  145  ;  amount 
secreted,  145 

Intra-cardiac  centres,  106  ;  conditions 
requisite  for  their  activity,  107 

Intra-polar  accessory  current  in  electro- 
tonus,  347 

Iris,  393  ;  in  accommodation,  390,  391 ; 
nerves  regulating,  394  ;  occasions  of 
movements  of,  394  ;  effects  of  certain 
poisons  on,  395 

Irradiation,  413,  467 

Irritability  of  muscle,  268 ;  of  nerve, 
334  ;  in  ganglion-cells,  473 

Island  of  Keil  in  aphasia,  508 


JOINTS  of  the  skeleton,  307 ;  main- 
tenance of  contact  in,  309  ;  check 
mechanisms  of,  310;  cervico-cranial, 
312;  of  vertebral  column,  312;  hip, 
313  ;  knee,  313  ;  ankle,  314  ;  of  foot, 
314 


XERATIN,  55 
Kidney,  essential  structure  of, 
149;  development  of  :  see  Embryo 
Kinesodic  substance,  488 
Knee-joint,  313 
Kraiise's  end-bulbs,  461 
Kumiss,  160 
Kymuretic  acid,  44 


LABTRINrH  of  the  ear,  443  ;  func- 
tion of,  445 
Lachrymal  sac,  436 
Lactates,  15 

Lacteal  system,  essential  structure  of, 
164 

—  radicles,  communication  of,  with 

intestine,  165 
Lactic  acid,  14,  15 
Lake-coloured  blood,  60 
Larynx,  319 ;  essential  structure  of, 

319  ;  inferior,  of  birds,  321 
Latent  period  of  muscular  contraction, 

271 

Laughing,  200 

Leaf-louse,  development  of,  628 

Lecithins,  the,  31 

Leguminous  fruits  as  food,  226 

Lens,  crystalline,  375 

Lenses,  appendix  on  the  action  of,  385 

Lenticular  nucleus,  503 

Leucic  acid,  14 

Leucine,  41 

Liberating  force,  definition  of,  4 


MED 

Liberating  chains,  5 

Life  of  man,  periodical  division  of,  565 

Lift  of  muscle,  270,  276 

Light,  destination  of  rays  of,  within 

the  eye,  397 
Liminal  intensity,  513 
Lines  of  direction  in  vision,  378,  385  ; 

point  of  intersection  of,  385 

—  of  separation,  416 

Liquor  sangiiinis,  or  blood  plasma,  63 
Listing's  law,  417 
Litliofellic  acid,  21 

Liver,   essential    structui'e  of,   139 ; 

blood  supply  of,  138;  function  of 

cells  of,  138 
Lividity,  cadaveric,  558 
Lochia,  554 
Longsightedness,  392 
Losses  and  gains  of  the  body  compared, 

233 

Luminous  impressions,  401 ;  intensity 
of,  402 ;  specific  peculiarities  of 
(colour),  402  ;  theory  of  perception 
of,  404 

Lungs,  essential  structure  of,  193 ; 
situation  of,  in  thorax,  194 ;  vaso- 
motor mechanism  of,  113 

Luxus  consumption,  242 

Lymph,  170 

—  -follicles,  169,  211 
 hearts,  190 

—  vessels,  origin  of,  166  ;  motion  of 
contents  of,  190 

Lymphatic  glands,  162,  211 

—  system,  essential  structure  of,  164 


MACULA  acustica,  444 
—  lutea  of  retina,  399,  407 
Magnifying  power  of  optical  instru. 

ments,  410 
Magnitude  of  objects,  determination 

of,  in  vision,  433 
Mamma,  essential  structure  of,  158 
Mannite,  its  relation  to  glucose,  25 
Marriotte's  spot  :  see  Retina,  '  Blind- 
spot  ' 

Marrow  of  bones,  212 
Mastication,  177 

Measure-formula  of  Fechner,  512 
Mechanical  equivalent  of  heat,  4 
Mechanism  of  the  skeleton,  307 
Media  of  eye  :  see  Refractive  media  of 
eye 

Medulla  oblongata,  its  structure,  494  ; 
its  centres  for— respiration,  494 ; 
regulation  of  heart's  action,  497 ; 
regulating  the  calibre  of  blood 
vessels,-  497  ;  movements  of  eye  and 
pupil,  498;  deglutition,  498;  for 
mastication,  498  ;  for  diabetes,  498  ; 
other  functions  of,  499 
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Medullary  folds  :  see  Embryo 

—  sheath  of  nerve  fibres,  332 
Medullat  ed  nerve  fibres,  332 
Meibomian  secretion,  158,  436 
Melanin,  49 

Membrana  basilaris,  443 

—  granulosa,  530 

—  reticularis,  444 

—  tectoria,  444,  450 

—  tympani,  438 
Memory,  506 
Menstruation,  531,  537 
Mercurial  pump,  66 
Mesoblast,  540 
Metaglobulin,  53 
Metallic  lustre,  cause  of,  433 
Methylanine,  35 
Methyluramine,  35 
Micturition,  154 

Millon's  reaction,  51 

Milk,  158-161  ;  characters  and  con- 
stituents of,  158  ;  secretion  of,  159  ; 
conditions  affecting  secretion  of, 
160;  ferments  of,  160;  changes  in, 
on  standing,  160;  amoimtof,  secreted 
daily,  161 ;  as  food,  225 

—  -sugar,  26 

Mixed  nerve  trunks,  353 
Molecular  movements  in  cells,  342 

—  theory  of  muscular  current,  292;  of 
nerve  current,  348 

Morgagni,  ventricles  of,  321 
Motion,  perception  of,  469 
Motions,  of  the  body,  262  ;  of  cells,  301 
Motor  nerve  fibres,  351 

—  oculi,  356  ;  paralysis  of,  357  ;  origin 
of,  492 

Movable  joints,  307 
Movements,  of  the  ej^eball,  415;  un- 
controllable, 500 
Mucin,  55,  130 

Mucus,  nature  and  secretion  of,  129 

Miiller's  duct,  549  :  see  Embryo 

Murmurs  in  respiration,  200 

Muscle,  mechanical  properties  of,  267  ; 
independent  irritability  (contrac- 
tility) of,  268  ;  stimuli  of,  268  ;  con- 
ditions of  irritability  of,  269  ;  ex- 
haustion and  restitution  of,  269 ; 
phenomena  of  contraction  of,  270 ; 
'twitch'  of,  270;  period  of  latent 
stimulation  of,  271 ;  curve  of  con- 
traction, 271 ;  mode  of  determining 
time  of  contraction  of,  272 ;  condi- 
tion retarding  contraction  of,  273  ; 
tetanic  contraction  of,  274  ;  sound  or 
murmur  of,  274,  275  ;  progression  of 
wave  of  contraction  of,  275  ;  Pfliiger's 
law  of  contraction  of,  337, 339  ;  work 
done  by,  276,  279  ;  '  absolute  power  ' 
of,  279,  280,  282;  rigor  mortis  of, 
281,    284,   297;    thermic  charges 


N013 

in  contracting,  283  ;  electrical  phe- 
nomena of,  285-294;  chemical  pro- 
cesses in,  during  rest  and  activity, 
294;  theory  of  activity  of,  298; 
tonus  of,  485 
Muscle-plasma,  265 

—  -serum,  265 

Muscles,  uses  of,  304,  et  sea. ;  of  eyeball, 
419 

M.uscular  current,  287 ;  weak  and 
strong,  288;  'of  inclination,'  288; 
magnitude  of,  289  ;  its  cause,  289, 
292 ;  in  hybernating  animals,  289  ; 
efi:ects  of  heat  and  cold  on,  290; 
negative  variation  of,  290  ;  theories 
of,  292  ;  appendix  on,  559,  ct  seq. 

—  tissue,  A.  striated,  essential  nature 
of,  263,  300 ;  constituents  of,  265 ; 
B.  smooth,  300 

Musculi  papillares,  83 
Myopia,  392 
Myosin,  53,  266 
Myosis,  395 
Myotics,  395 


NASAL  duct,  436 
—  mucous  membrane,  458 
Near-point  of  vision,  392 
Negative  variation,  290 
Nerves,  essential  structure  of,  332 ; 
chemical  composition  of,  333  ;  me- 
chanical properties  of,  333  ;  various 
conditions  of  living,  333 ;  excita- 
bility of,  334 ;  fatty  degeneration 
of,  334  ;  exhaustion  and  restitution 
of,  335  ;  effects  of  changes  of  tem- 
perature on,  335  ;  effects  of  electrical 
currents    on    (electrotonus),   335 ; 
stimuli  for,  336  ;  law  of  stimulation 
of,  337 ;  active  condition  of,  341 ; 
conduction  by,  342 ;  electrical  phe- 
nomena of,  346  ;  proper  current  of, 
347 ;   theories  of  activity  of,  350 ; 
classification  of,  351  ;  functions  of 
various,     how    determined,  353; 
central  end-organs  of,  472  ;  varieties 
of  regulating,  475 
Nervi  erigentes  penis,  534 
Nervous  system,  influence  of,  upon 
conversion  of  potential  into  kinetic 
energy,  4 ;   systematic  account  of 
functions  of  organs  of,         et  seq. ; 
general  physiological  schema  of,  507 
Neurilemma,  332 
Neurine,  or  choline,  31 
Neutral  fats,  28 
Newton's  disc,  403,  413 
Nitric  oxide,  compound  of,  with  haemo- 
globin, 69 
Niveau-centres,  484 
Noeud  vital,  201 
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NOI 

Noises,  446,  449 ;  perception  of,  450 
Non-striated    muscles :    see  Smooth 

muscles. 
Nuclein,  56,  62 
Nutritive  equilibrium,  232 
Nystagmus,  469 


OECOID,  the,  61 
(Edema,  168 
Oleic  acid,  17 
Olein,  30 

Olfactory  mucous  membrane,  456 

—  nerve,  356 ;  origin  of,  492 ;  course 
of  fibres  of,  503 

—  organ,  456,  et  seq. 

Olivary  bodies,  function  of,  499 
Omphalo-meseraic  arteries  and  veins  : 

see  Embryo 
Ophthalmometer,  the,  376 
Ophthalmoscope,  the,  398 
Optic  axis,  375 

—  chiasma,  427,  504 

—  nerve,  356  ;  origin  of,  492  ;  decus- 
sation of  fibres  of,  604  ;  mechanical 
stimulation  of,  400 ;  electrical  stimu- 
lation of,  406 

—  thalami,  502 
Optical  illusions,  412 

—  instruments,  410 
Optics  of  vision,  377,  et  seq. 
Optometers,  398 

Organ  of  Corti,  444 

—  of  hearing,  437,  et  seq. 

—  of  sight,  374,  et  seq. 

—  of  smell,  456,  et  seq. 

—  taste,  458 

Organic  constituents  of  food,  2 
Osmosis,  122 
Ossicula  auditus,  439 
Otoliths,  444 
Ovary,  523,  528,  530 
Over-feeding,  236 
Oviparous  reproduction,  523 
Ovulation,  530 
Ovum,  523,  525,  530 
Oxalic  acid,  11 
Oxaluric  acid,  38 

Oxygen,  9  ;  presence  of,  in  the  blood, 
64,68  ;  tension  of,  in  blood,  186  ;  con- 
sumption of,  by  the  human  body,  per 
day,  233 

Ozone,  9 


PACINIAN  corpuscles,  461 
Pain,  462 
Pains  of  labour,  552 
Palamitic  acid,  28 
Palmitin,  28 

Pancreatic  juice,  constituents  of,  142  ; 
modes  of  obtaining,  140;  ferments 


POT 

of,  142  ;  physiological  action  of,  142 ; 

nerves  concerned   in  secretion  of, 

144  ;  amount  of,  secreted  daily,  144  ; 

fate  of,  during  absorption,  144 
Pancreatinin,  142 
Papillee  circumvallatfe,  460 
—  foliatse,  460 
Parabanic  acid,  38 
Paradoxical  contraction,  343,  346 
Paraglobulin,  53 

Paralactic  or  sarcolactic  acid,  15  ;  how 

prepared  from  muscle,  16 
Parelectronomic  elements,  in  muscle, 

293 

Parenchymatous  tissues  and  their  se- 
cretions, 127 
Parthenogenesis,  523 
Partial  pressure  of  gases,  64 
Parturition,  552 

Pathetic  nerve  :  see  Trochlear  (fourth) 

nerve 
Pathic  stimuli,  489 
Peduncular  fibres  of  brain,  490 
Penis,  554 

Pepsin,  134  ;  action  on  trypsin,  144 

Peptones,  50,  54,  134 

Perception  of  colours,  laws  regulating 

the,  403  ;  theory  of  the,  404 
Perilymph,  443 
Perineurium,  332 

Periodicity  of  activity  of  ganglion 
cells,  474 

Peristalsis  of  alimentary  canal,  178- 
182 

Perspirabile  retentum,  185 
Pettenkofer's  reaction,  21 
Peyer's  patches,  169 
Phantasm,  415 

Phenyl-formic  or  benzoic  acid,  22 
Phosphenes  or  pressure-figures,  400 
Phosphoric  acid,  12 
Phrenograph, 199 
Physiological  rheoscope,  287 
Physiology,  definition  of,  1  ;  province 
of,  6 

Pitch  of  notes,  319 

 sounds,  445,  319 

Placenta,  528,  537,  545 

Plasma  of  blood :  see  Blood 

PlethysmograiDh,  the,  106 

Pneumogastric  nerve,  368  ;  summary  of 
functions  of,  370;  summary  of  ex- 
periments upon,  371 ;  origin  of, 
393 

Pneumograph,  the,  199 
Poikilothermous  animals,  256 
Polarization  by  media  of  eye,  397 
Polarizing  currents,  for  nerves,  335 
Pons  varolii,  503 

Posterior  roots  of  spinal  nerves,  355 
486  ' 
Potatoes  as  food,  226 
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Pre-exisfcence  theory,  of  muscular 
current,  292 

 of  nerve-current,  348 

Primary  position  of  eye,  416 
Principal  planes,  381 

—  point,  377 

—  ray,  378 
Prostate,  535 
Protagon,  33,  56 

Protective  organs  for  the  ear,  455 

 for  the  eye,  435 

Proteids,  the,  49  ;  their  origin,  49  ; 
their  percentage  composition,  50  ; 
their  general  chemical  relations,  51 ; 
their  decomposition,  52  ;  their  classi- 
fication, 52 ;  bodies  more  complex 
than  the,  55 

Proteolysis,  Kuhne's  theory  of,  143 

Protoplasm,  movements  of,  301 

Pseudoscope,  the,  432 

Psychical  processes,  47 6,  505 ;  time 
occupied  by,  511 

Psycho-physical  laws,  511 

Ptosis,  357 

Ptyalin,  130 

Puberty,  524, 529  ;  effect  of,  upon  voice, 
324 

Pulse,  the,  96  ;  how  investigated,  97  ; 

dichrotism  of,   98 ;    frequency  of, 

118 
Pupil,  393 

Purkinje's  figures,  400,  415 


RADDREHUNGSWINKEL,  418 
Reaction  of  the  blood,  59 
Rectal  centre,  485 

Recurrent  sensibility,   354 ;   of  fifth 

cranial  nerve,  357 
Red  blindness,  406 
Reeds  or  tongues,  318 
Reference    of    stimuli    to  external 

medium,  352,  453 
Reflex  acts,  time  occupied  by,  484 

—  excitability,  measurement  of,  483 

—  movements,  474,  478  ;  orderly,  479  ; 
convulsions,  480 ;  theory  of,  481  ; 
inhibition  of,  482,  483  ;  classification 
of,  483  ;  conditions  affecting,  483 

—  nerve  fibres,  or  excito-motor  nerve 
fibres,  351 

Refraction  by  spherical  surfaces,  379  ; 
by  systems  of  spherical  surfaces,  381 

Refractive  media  of  eye,  374 ;  geo- 
metrical form  of,  376 ;  distances 
between,  376  ;  refractive  indices  of, 
376  ;  dispersive  powers  of,  396  ;  dia- 
thermancy of,  402 ;  imperfections  in, 
396  ;  defective  centring  of,  409  ;  in 
accommodation,  390 

Regio  oculo-spinalis,  485 


SAL 

Remak's  ganglia,  107 

—  nerve  fibres,  332 
Rennet,  225 

Reproduction,  various  modes  of,  522 

—  in  man,  529 
Reserve  air,  199 
Residual  air,  199 
Resonant  consonants,  328 
Resonators,  318 

Respiration,  184-209  ;  essential  act  of, 
184  ;  chemistry  of,  185  ;  cutaneous, 
185 ;  intestinal,  185 ;  gaseous  ten- 
sions in,  186  ;  of  the  tissues,  189  ; 
magnitude  of  gaseous  exchanges  in, 
191 ;  mechanism  in  man  and  other 
animals,  193,  203  ;  capacity  of  lungs 
during,  198  ;  mm-murs  in,  200  ;  in- 
nervation of  movements  of,  200 ; 
cause  of  movements  in,  discussed, 
202  ;  of  foreign  gases,  207 ;  nervous 
centres  concerned  in,  496 

Respiratory  centre,  496 

Restitution,  exhaustion  and,  of  muscle, 
269 

 of  nerve,  335 

Retarding  nerves,  475 

Retina,  images  on,  387,  408  ;  cu-cles  of 
diffusion  on,  387 ;  Scheiner's  experi- 
ment, 388  ;  imperfections  in  images 
on,  396  ;  rods  and  cones  of,  399,  405, 

406,  407,  411 :  blind  spot  of,  399, 
488  ;  macula  Ivtea,  or  yellow  spot  of, 
399,  407;  fovea  centralis  of ,  399,406; 
purple  colour  of,  400 ;  mechanical 
stimulation  of,  400;  electrical  stimu- 
lation of,  401 ;  fatigue  of,  401 ;  sensi- 
tiveness of  different  parts  of,  406, 
414  ;  limits  of  iDerceiving  powers 
of,  409,  411 ;  lines  of  separation  in, 
416 ;  corresponding  or  identical  spots 
in,  421 

Rheoscope,  physiological,  287 

Rheotome,  differential,  292 

Rigor  mortis,  281, 284,  557  ;  comparison 

of,  with  activity  of  muscle,  297 
Rods  and  cones  of  retina,  399,  405, 406, 

407,  411 

Roots  of   spinal  nerves,  motor  and 

sensory,  354 
Running,  315 
Rut,  period  of,  526,  531 


SACCULE,  443 
Salicylic  acid,  22 
Salicyluric  acid,  41 

Saliva,  constituents  of,  130;  modes  of 
obtaining,  130;  amylolytic  action 
of,  130 ;  secretion  of,  131 ;  nervous 
influences  in  secretion  of,  131,  132  ; 
courses  of  secretory  nerves  for,  132  ; 
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SAL 

conditions  modifying  secretion  of, 
133  ;  amoimt  of,  secreted  daily,  133 
Salts,  inorganic,  1 1 

Santonin,  optical  effects  following  the 

ingestion  of,  407 
Sarcine,  or  hypoxanthine,  44 
Sarcolactic  acid,  14,  15 
Sarcosine,  42 

Sarcous  elements  of  muscle,  264 
Savart's  toothed  wheels,  449 
Scala  tympani,  444 

—  vestibnli,  444 
Scheiner's  experiment,  388 
Schneiderian  membrane,  456 
Sebaceous  secretion,  157  ;  characters 

and  constituents  of,  157 
Secondary  contraction,  290,  346 
Secondary  positions  of  eyeballs,  417 
Secretion,  definition  of,  121 ;  physical 
processes  of,  122 ;  chemical  processes 
of,  124  ;  organs  of,  125;  nervous  in- 
fluences in,  125 
Secretory  nerve  fibres,  351 
Segmentation  of  ovum,  527 ;  in  man, 
537 

Semen,  523,  526 ;  human,  532  ;  emis- 
sion of,  534 

Semicircular  canals,  functions  of  the, 
470 

Sensation,  476,  478 

—  common,  461 ;  qualities  pf,  432 

—  muscular,  468 

—  of  temperature,  467 

—  of  touch,  463 

—  voluptuous,  468 
Sense  of  space,  47 
Sensibility,  circle  of,  466 
Sensitiveness  of  the  skin,  conditions 

of,  464 
Sensory  circles,  489 

—  nerve  fibres,  351 
Sericine,  55 
Serin,  41 

Serum  albumin,  52 

—  of  blood,  76  ;  gases  of,  68 
Serous  fluids,  128,  129 

—  glands,  460 

Seventh  cranial  nerve,  363  :  see  Facial 
nerve 

Sexual  intercourse,  535 

—  maturity,  524 

—  reproduction,  623,  525 
Short-sightedness,  392 
Sighing,  200 

Silicic  acid,  13 
Sitting  posture,  315 
Sixth  cranial  nerve,  363  ;  origin  of,  493 
Skeleton,  mechanism  of,  307 
Skin,  sensitiveness  of,  465 
Sleep,  514  ;  cerebral  circulation  during, 
515 

Smell,  sensations  of,  457 


STO 

Smooth  muscles,  300 ;  contraction  of, 
301 

Sneezing,  204 
Sobbing,  200 

Sodium  phosphate,  supposed  influence 
of,  in  fixing  the  carbotiic  acid  of  the 
blood,  71 
Solitary  glands  of  intestine,  169 
Sound,  conduction  of,  into  the  ear, 
440  ;  analysis  of,  in  ear,  447 

—  or  murmur  of  tetanized  muscle,  274, 
275 

Sounds  of  the  heart,  83 

Sound-waves,  438,  448  ;  limits  of  audi- 
bility, 445 

Specific  energy  of  nerve  fibres,  doc- 
trine of,  351 

—  rotatory  power,  definition  of,  50 
Speech,  324 ;  modes  of  investigating, 

329 ;  centre  for,  508 
Spermatozoa,  526,  533  ;  movements  of, 

303,  533 
Sphincter  ani,  centre  for,  485 

—  of  bladder,  154,  155 

Spinal  accessory  nerve,  368  ;  see  Tenth 
and  Eleventh  Cranial  nerve  ;  origin 
of,  493 

—  cord,  structiure  of,  476;  reflex  func- 
tions of,  478 ;  automatic  centres  of, 
485 ;  effect  of  dyspnoeic  blood  on, 
473,  486 ;  effect  of   stimuli  upon, 

487  ;  stimulation  of  vaso  -  motor 
nerves  in,  487  ;  effects  of  partial  di- 
vision of,  488;  paths  of  conduction 
to  brain  in,  488  ;  pressor  fibres  of, 

488  ;  function  of  grey  matter  in,  488 

—  levels,  485 

—  nerves,  364  ;  course  of,  in  the  cord, 
478 

Spirometer,  198 

Spontaneous  generation,  doctrine  of, 

521 
Spleen,  211 
Stapedius,  440 
Starch,  33 
Starvation,  234 
Stearic  acid,  28 
Stearin,  38,  29 
Stereoscope,  429 
Stereoscopic  brilliancy,  433 
Stethograph,  199 
Stethoscope,  438 

Stimulation,  Pfluger's  law  of,  for  nerve, 
337 

—  for  muscle,  339 

—  pathic,  489 

Stimuli  of  muscle,  268  ;  of  nerve,  336 

—  mental  reference  of,  to  external 
medium,  352 

Stomach,  movements  of,  180 ;  orifices 
of,  how  closed,  180:  innervation  of,- 
180 
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Strabismus,  421,  428,  363 
Stretching  convulsions,  480 
Striated  muscles,  263 
Stroma  of  red-blood  corpuscles,  61 
Stromubr  of  Ludwig,  164 
Strong  currents  of  muscle,  288 
Strychnia  poisoning,   convulsions  of, 
480 

Succinic  acid,  16 

Succus  entericus,  144 

Sugars,  24  ;  classification  of,  25 

Supra-renal  capsules,  211,  520 

Sutures,  307 

Swallowing,  178,  180 

Sweat,  155-157 

Sympathetic  nerves,  373  ;  and  centres, 
516 

—  vibration,  448 

Symphyses,  307 

Synchondroses,  307 

Synovia,  constituents  of,  129,  309 

Synovial  capsules,  309 

Synthetic  power  of  the  organism,  147, 

216 
Syntonin,  53 

Systole  of  auricles  and  ventricles,  81  ; 
direction  of  the  latter,  82 


TACHOMETER,  the,  10^ 
Tactile  corpuscles,  462 

—  field,  403 

—  sensations,  463 
Tapetum,  399 

Tapeworm,  development  of,  528 
Taste,  organ  of,  458  ;  nerves  of,  458  ; 

how  afEected  in  facial  palsy,  459 
Taurine,  18,  42,  189 
Taui'ocholic  acid,  18,  19 
Taurohyocholic  acid,  18 
Tear-lake,  436 
Tears,  1 61 

Telestereoscope,  433 

Temperatm-e,  of  the  body,  256  ;  of 
various  parts  of  the  body,  257  ;  regu- 
lation of,  258  ;  limits  of,  compatible 
with  life,  259 ;  fluctuations  of,  in 
health,  disease,  and  after  death,  260  ; 
of  hybernating  animals,  261  ;  sen- 
sations of,  467 

Tension  of  the  gases  of  the  blood,  186, 
187 

—  in  cavities  and  fluids  of  body,  190 
Tensor  tympani,  439 

Tenth  and  eleventh  cranial  nerves, 
368  ;  summary  of  functions  of,  370  ; 
summary  of  experiments  upon,  371  ; 
origin  of,  493 

Terminal  nerve  buds,  462 

Tertiary  positions  of  the  eyeball,  417 

Testicle,  523,  534 


TJRI 

Tetanus  of  muicle,  274  ;  means  of  pro- 
ducing, 275 

—  of  Bitter,  339 
Thalami  optici,  500,  502 
Thaumatrope,  412 

Thermic  phenomena  of  muscle,  283 
Third  cranial  nerve  :  tee  Motor  oculi 
Thirst,  227 

Thorax,  negative  pressure  in,  194  ; 

aspiration  of,  99 
Thymus,  211 
Thyroid,  211 
Tidal  air,  199 

Timbre  or  tone-quality,  318,  447 
Tissue  changes,  activity  of,  242 
Toluic,  tolm-ic  acids,  41 
Tones,  compound  and  simple,  317,  446  ; 
prime,  317  ;  partial,  318  ;  quality  of, 
318,  347 ;  pitch  of,  319,  445  ;  inten- 
sity of,  445  ;  musical,  446  ;  proper, 
446  ;    combinational,  differential, 
and  summational,  447 
Tongue,  movements  of,  179 
Tonus  of  blood  vessels,  112,  114 

—  of  muscle,  485 
Touch,  463 
Traube's  curves,  101 

Trigeminal  (5th)  cranial  nerve,  357  ; 
summary  of  functions  of,  362  ;  tro- 
phic fibres  of,  362  ;  origin  of,  492 

Trimethylamine,  35 

Triolein,  30 

Tripalmitin,  29 

Tristearin,  30 

Trochlear  (4th)  cranial  nerve,  357  ; 
paralysis  of,  357  ;  origin  of,  492 

Trophic  nerve  fibres,  351 

Trypsin,  142 ;  and  Pepsin,  mutual  ac- 
tion of,  144 

Tryptic  digestion,  143 

Twelfth  cranial  nerve,  372 ;  origin  of, 
493 

Tyrosine,  42,  143 


UMBILICAL  cord,  the,  553 
—  duct,  539 
—  vesicle,  538 

Uncontrollable  movements,  501 
Unit  of  heat,  4 

Urea,  35  ;  preparation  of,  36  ;  proper- 
ties of,  36  ;  decomposition  of,  36  ;  es- 
timation of,  37  ;  synthesis  of,  37 ; 
amount  of,  secreted  daily,  153 

Ureter,  peristalsis  of,  155  ;  oi^ening  of 
into  bladder,  154 

Uric  acid,  43  ;  tests  for,  43  ;  products 
of  oxidation  of,  43,  44 ;  amount  of, 
secreted  daily,  153 

Urine,  146-155  ;  character  and  consti- 
tuents of,  146 ;  variation  in  colour 
of,  148;  cause  of  reaction  of,  149; 
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acid  fermentation  of,  149 ;  alka- 
line fermentation  of,  149  ;  percent- 
age composition  of,  149  ;  views  as  to 
secretion  of,  149  ;  influence  of  cells 
in  secretion  of,  150  ;  origin  of,  dis- 
cussed, 151 ;  conditions  of  secretion 
of,  151 ;  conditions  regulating  the 
amount  of  urea  in,  153  ;  amormt  of, 
secreted  daily,  153  ;  nerves  con- 
cerned in  secretion  of,  153  ;  dis- 
charge of,  154 

Urobilin,  49 

Urochrome,  48 

Uro-genital  organs,  development  of  : 

see  Embryo 
Uterus,  535,  536 
Utricle,  443 


VAGUS,    or  Par  vagum,   368  :  see 
Pneumogastric  nerve 
Valsalva's  experiment,  442 
Valves  of  the  heart,  183 
Varnishing  of  skin,  effects  of,  185 
Vaso-dilator  nerves,  113 
Vaso-motor  nerves,  112 ;  course  of,  112  ; 
centres  of,  general  and  local,  113, 
497 

Velocity  of  the  circulation,  103 

Venous  blood,  72 

Ventilation,  coefBcient  of,  199 

Vernix  caseosa,  158 

Vertebral    column,    arrangement  of 

articular  surfaces  of,  312 
Vertigo,  501 
Vesiculse  seminales,  534 
Vestibular  sacs,  443 
Vibratory  consonants,  328 
Vibrissas,  455 

Visibility  of  waves  of  the  ether,  401 ; 
limits  of,  409,  411 

Vision,  309,  ei;  seq. ;  acuteness  of,  409, 
411 ;  binocular,  421 ;  stereoscopic, 
429  ;  field  of,  408  ;  rivalry  of  fields 
of,  427, 433 ;  magnitude  and  distance 
of  objects  in,  433 

Visual  angle,  385,  410 

—  axis,  409 

—  plane,  421 
Vital  capacity,  198 
Vitelline  duct,  539 
Vitreous  body,  375 


ZYM 

Vocal  cords,  319;  movements  of,  in. the 

production  of  voice,  321 
Vocalisation,  321 ;  conditions  of,  322  ; 

modes  of  studying,  322 
Voice,  317  ;  compass  of,  324  ;  falsetto, 

323 

Voluptuous  sensations,  468 
Vomiting,  mechanism  of,  182 
Vowels,  nature  of,  325;  analysis  and 
synthesis  of,  326  ;  shape  of  the  buc- 
cal cavity  in  the  production  of,  326 


WALKING,  315 
"Waller's  method   of  tracking 
nerve  fibres,  355 
Warm-blooded    or    '  homothermoiis  ' 

animals,  256 
Water,  11,  12 ;  as  a  respiratory  me- 
dium, 184 
Water-rigor  of  muscle,  281 
Weak  currents  of  muscle,  288 
Weber's  law,  512 

—  schema  of  the  circulation,  87 
Weight,  appreciation  of,  463 
Wharton's  jelly,  55,  554 
White,  402 

White  matter  of  brain,  chemistry  of, 
472 

Will,  the,  476 
Winking,  435 
Wolffian  body,  the,  548 

—  duct,  the,  548 

Work,  organs  of,  6 ;  of  the  heart,  95 ; 
of  muscles  of  frog,  279 ;  of  the  body 
is  greater  than  corresponds  to  oxi- 
dation of  proteids,  253 

VANTHINE,  44 


YAWNING,  200 
Yellow  spot  of  retina,  399 
Yolk,  525,  530 

Young's  theory  of  the  perception  of 
colours,  404 


ZONA  PELLUCIDA,  525,  530 
Zonule  of  Zinn,  391 
Zooid,  the,  61 
Zymogens,  134 
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THE    ATLAS    OF  HISTOLOGY". 

Atlas  Of  Histology.    By  E.  Klein,  M.D.,  F.R.S.,  and  E. 

Noble  Smith,  L.R.C.P.,  M.R.C.S.  A  complete  representation  of  the 
Microscopic  Structure  of  Simple  and  Compound  Tissues  of  Man  and 
the  higher  Animals,  in  carefully  executed  coloured  engravings,  with 
Explanatory  Text  of  the  Figures,  and  a  concise  account  of  the 
hitherto  ascertained  facts  in  Histology. 
The  Atlas  of  Histology  TTill  appear  in  Ten  or  Twelve  Numbers,  each 

Number  containing  about  Four  Quarto  Medium  Plates,  and  the 

corresponding  Text. 

DE.    FANCOITBT  BABNES. 

A  Handbook  of  Midwifery  for  Midwives.  By  Fancodrt 
Barnes,  M.D.,  M.E.C.P.  Lond. ;  Physician  to  the  British  Lying-in 
Hospital.    Post  8vo. 

DB.  J.  CBICHTOIT  BBOWWE. 

Manual  of  Lunatic  Hospital  Management  and  Hygiene. 

By  J.  Cbichton  Bbownb,  M.D.,  F.R.S.C.E. 

DE.  T.  LAUDEE  BEUWTOlfl". 

A   Manual   of  Materia    Medica   and  Therapeutics, 

including  the  Pharmacy,  the  Physiological  Action,  and  the  Thera- 
peutical Uses  of  Drugs.  By  T.  Laitdeb  Bbttnton,  M.D.,  D.  Sc., 
Lecturer  on  Materia  Medica  and  Therapeutics  at  St.  Bartholomew's 
Hospital.    Post  8vo. 

DB.  W.  B.  CHEADLE. 

A  Text-Book  of  the  Pathology  and  Treatment  of  the 

Diseases  of  Children.  By  W.  B.  Cheadlb,  M.D.,  Senior 
Assistant-Physician  and  Lecturer  on  Pathology,  St.  Mary's  Hos- 
pital ;  Assistant-Physician,  Hospital  for  Sick  Childjen,  &c.  Post  8to. 

W.  BASSIE,  C.E. 

The  Causes  and  Bemedies  of  Unhealthiness  in  Houses. 

By  W.  Eassie,  C.E.    With  numerous  Illustrations.  8vo. 

DE.  A.  W.  EDIS. 

A  Manual  of  Diseases  of  Women.  For  Students  and 
Practitioners.  By  Aethtjb  "W.  Edis,  M.D.  Lond.,  M.E.C.P., 
Assistant-Physician  to  the  Hospital  for  "Women,  Soho. 

DB.    DAVID  FEBBIEB, 

The  Localisation  of  Cerebral  Disease.  With  numerous 
Illustrations.  By  David  Febbiee,  M.D.,  F.R.S.,  Assistant-Physician 
in  King's  College  Hospital,  Professor  of  Forensic  Medicine,  King's 
College. 

WILLIAM  MAC  COEMAC,  F.E.C.S. 

A  Manual  of  Practical  Surgery  and  Surgical  Anatomy. 

By  William  Mac  Oobmac,  F.R.C.S.,  Surgeon  ^to  St.  Thomas's 
Hospital.    Post  8vo. 
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DB.  JULItrS  ALTHAUS 

Diseases  of  the  Nervous  System:  their  Prevalence  and 
Pathology.  By  Jui,iu.s  Althatjs,  M.D.,  M.R.C.P.  Lond.,  Senior 
Physician  to  the  Hospital  for  Epilepsy  and  Paralysis,  Regent's 
Park ;  Fellow  of  the  Eoyal  Medical  and  Chirurgieal  Society,  Sta- 
tistical Society,  and  the  Medical  Society  of  London ;  Member  of  the 
Clinical  Society;  Corresponding  Member  of  the  Soci^t^  d'Hydrologie 
Medicale  de  Paris;  of  the  Electro-Therapeutical  Society  of  New 
York,  &c.  &c.    Demy  8vo.  12s. 


'  We  know  no  book  lilce  it.  Dr.  Altliaus 
Is  a  consummate  ninster  of  neural  phy- 
siology and  pathology  ;  he  is  besides  a 
practical  physician .  and  one  well  skilled  in 
the  literatm'e  of  nervous  diseases  in  French, 
German,  or  English.  Such  a  knowledge  is 
a  post  of  vantage  of  which  few  can  boast, 
and  having  it,  Dr.  Althaus  has  most  suc- 
cessfully employed  it  to  the  advantage  of 
the  student  and  the  practitioner.  The  book 
is  one  to  be  welcomed.  To  advanced  stu- 
dents of  medicine  it  will  be  especially  use- 
ful, for  we  know  no  work  where  so  full 
justice  is  done  to  a  most  difficult  subject, 
and  that,  too.  In  a  handy  and  compact 
volume.   To  the  busy  practitioner  who 


must  take  his  knowledge,  so  to  speak,  in  a 
condensed  form,  it  will  be  stiU  more 
valuable.' — Medical  Times  aud  Gazette. 

'  This  book  supplies  a  very  necessary 
want;  it  oaUs  a  halt  iu  the  progresive 
march  of  investigation.  With  a  vast  sub- 
ject before  him  and  a  limited  space  to 
devote  to  it.  Dr.  Althaus  has  succeeded  in 
placing  before  his  readers  the  results  of  a 
very  extended  research.  It  is  a  great 
success.  .  .  .  The  most  stable  treatise  of 
the  day  upon  diseases  of  the  nervous 
system.  He  who  imdertakes  a  task  so 
laborious  deserves  our  fullest  gratitude.' — 
Glasgow  Medical  Jouhn al. 


DR.  WASHINGTON"  L.  ATLEE. 

General  and  Differential  Diagnosis  of  Ovarian  Tumoxirs, 

with  Special  Reference  to  the  Operation  of  Ovariotomy,  and 
Occasional  Pathological  and  Therapeutical  Considerations.  By 
Washington  L.  Atlbb,  M.D.    With  39  Illustrations.    8vo.  20s. 

DR.  J.  BRAUN"— DR.  HERMANN"  WEBER. 

The  Curative  Effects  of  Baths  and  Waters;  being  a 

Handbook  to  the  Spas  of  Europe.  By  Dr.  J.  Bratjn.  With  a 
Sketch  on  the  Balneotherapeutic  and  Climatic  Treatment  of  Pul- 
monary Consumption,  by  Dr.  L.  Rohden.  An  Abridged  Trans- 
lation from  the  Third  German  Edition,  with  Notes.  By  Hermann 
Weber,  M.D.,  F.R.C.P.  London,  Physician  to  the  German  Hospital. 
Demy  8vo  IBs. 

  but  he  sought  to  reduce  all  to  a  scientific 

basis ;  and  in  tliis  he  has  well  succeeded. 
Many  works  on  tliis  subject  have  been  and 
are  now  unreadable,  the  quantity  of 
piu-ely  hypothetical  matter  introduced 
being  to  any  practical  mind  rather  dis- 
gusting than  otlierwise.  In  Braun's  book 
this  does  not  appear.  So  much  that  is  new 
and  striking  is  here  presented  to  the 
reader  as  to  seem  to  open  up  to  him  and 
to  the  practitioner  another  world." — 
Medical  Times. 


'The  best  extant  work  on  the  subject. 
Not  the  least  valuable  part  of  the  volume 
is  a  chapter  on  the  treatment  of  phthisis 
by  baths  and  climate.' — Westminster 
Eevtew. 

'  To  the  pursuit  of  such  a  tremendous 
task  as  to  bring  what  is  sometimes  called 
"  balneotherapy "  'into  coiTelation  with 
ordinary  medicines,  Braun  brought  no 
ordinary  powers.  Cautious  and  sceptical 
he  refused  to  accept  the  older  theories 
advanced  as  tlie  reason  why  such  and  such 
a  water  did  good  in  this  and  that  disease, 

DR.  PATRICK  BLACK. 

Essay  on  the  Use  of  the  Spleen,  with  an  Episode  of  the 
Spleen's  Marriage :  a  Physiological  Love  Story.  By  Patrick  Black, 
M.D.,  Physician  to  St.  Bartholomew's  and  Christ's  Hospital.  Is.  6d. 

DR.  P.  M.  BRAIDWOOD. 

The  Domestic  Management  of  Children.    By.  P.  M. 

Braidwood,  M.D.,  Surgeon  to  the  Wirral  Hospital  for  Sick 
Children.    2s.  6d. 
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DB.  JOHN  SYER  BBISTOWE. 


A  Treatise  on  the  Theory  and  Practice  of  Medicine. 

By  John  Syee  Beisto-wb,  M.D.  Lond.,  F.R.C.P.,  Physician  to  St. 
Thomas's  Hospital,  Joint  Lecturer  in  Medicine  to  the_  Royal 
College  of  Surgeons,  formerly  Examiner  in  Medicine  to  University 
of  London,  and  Lecturer  on  General  Pathology  and  on  Physio- 
logy at  St.  Thomas's  Hospital.    8vo.    2  Is. 


'  The  busy  practitioner  will  be  able  by 
its  perusal  to  keep  abreast  with  the  great 
progress  which  scientific  medicine  has 
made  within  the  past  few  years,  and  for 
which  he  has  neither  the  time  nor  fre- 
quently the  opportunity  to  consult  larger 
treatises,  monographs,  and  journals.  The 
style  of  the  work  is  plain  and  lucid;  though 
condensed  it  is  never  bald.  As  an  ac- 
oiuate  and  praiseworthy  guide  it  is  of  the 
highest  order  of  merit.'— Boston  Medical 

AND  SDHGICAL  JOUnNAL. 

'  The  style  is  clear,  the  matter  and 
method  good.  Whoever  buys  this  book 
gets  as  complete  a  representation  of  mo- 
dem medicines  as  has  been  and  probably 
can  be  put  inside  of  one  thousand  pages  of 
similar  size  and  type.' — Medical  Times, 
Philadelphia. 


'It  must  not  be  assumed  that  this 
volume  is  for  students  only  who  are  read- 
ing for  examinations.  It  weU  deserves  a 
place  in  the  libraxy  of  every  physician,  and 
of  every  practitioner  of  the  medical  art. 
The  work  is  one  which  will  greatly  en- 
hance the  author's  reputation.  We 
prophesy  that  it  will  be  the  favom-ite  for 
the  London  and  other  universities,  and  the 
College  of  Physicians,  whilst  many  who 
never  pass  these  examinations,  but  con- 
tent themselves  with  haU  and  college, 
will  be  glad  to  purchase  a  book,  which 
once  acquired  they  will  not  wish  to  part 
mth,  but  will  carry  with  them  to  their 
residence  in  the  coimtry  or  the  distant 
colony,  on  board  ship,  or  even  in  the 
knapsack  on  the  march  with  troops.' — 
London  Medical  Eecoed. 


DE.  T.  IiAUDER  BBUNTON". 

Tables  of  Materia  Medica.  A  Companion  to  the  Materia 
Medica  Museum.  By  T.  Latjdbe  Bextnton,  M.D.,  Sc.D.,  F.R.C.P., 
F.R.S.,  Assistant  Physician  and  Lecturer  on  Materia  Medica  at  St. 
Bartholomew's  Hospital ;  Examiner  in  Materia  Medica  in  the  Uni- 
versity of  London.    Demy  Svo.    10s.  6d, 


'  A  most  concise  volume,  a  compilation 
of  information  which  wiU  prove  invaluable 
to  students.  For  ready  reference,  every 
article  in  Materia  Medica,  of  which  the 
student  will  be  required  to  know  any- 
thing is  in  tabular  form ;  the  sources, 
preparations,  properties,  reactions,  im- 
purities, source  of  impurities,  tests, 
actions  of  each  article  being  alphabeti- 
cally arranged.  It  might  be  carried  as  a 
note-book,  and  would  be  found  to  con- 
tain the  essential  items,  only  in  a  useful 
and  abbreviated  form,   of  half-a-dozen 


ordinary  volumes.  If  the  student  only 
has  in  his  hand,  at  the  time  of  his  in- 
quiry. Dr.  Brunton's  tables,  he  will  not 
only  solve  many  problems  which  would  be 
no  easy  matter  under  the  ordinary  cir- 
cumstances, but  he  wiU  readily  impress 
the  particulars  upon  his  mind,  and  there- 
by accomplish  his  end.  We  regard  Dr. 
Brunton's  work  as  an  immense  success,  and 
especially  recommend  it  to  students  and 
all  others  whom  Materia  Medica  may 
interest. — Monthly  Magazinb  of  Phar- 
macy. 


DB,  J.  M.  DA  COSTA. 

Medical  Diagnosis  with  Special  Reference  to  Practical 

Medicine.  A  Guide  to  the  Knowledge  and  Discrimination  of 
Diseases.    By  J.  M.  Da  Costa,  M.D.    Third  Edition.    8vo.  24s. 


'A  very  valuable  work  and  one  from 
which  those  wlio  are  apt  to  pride  them- 
selves on  their  ability  to  distinguish 
diseases  may  constantly  get  help.' — 
Lancet. 

'It  possesses  the  qualities  of  accuracy 
and  completeness  in  a  high  degree.' — 

BUITISH  AND   POIIEIGN  MEDICO-CHIRUB- 

GicAL  Review. 

'  The  best  and  safest  anthority  which 
can  be  selected  for  the  guidance  of  the 
student  or  young  practitioner.' — Medical 
Times,  Philadelphia. 


'  Tlie  work  of  the  first  diagnostician  in 
America.  It  is  the  best  book  on  diagnosis 
extant.' — Ambuican  Piiactitioneu. 

'It  has  been  prepared  with  careful 
research  among  boolcs  at  the  bedside  and 
in  tlie  autopsy  ;  and  it  is  made  available 
by  a  good  arrangement  and  a  style  of 
unusual  ease,  clearness,  and  finish.  To 
digest  and  memorise  the  matter  of  all  its 
pages  wUl  well  repay  the  labom:  it  costs.' 
—American  Journal  op  Misdioal 
Sciences. 
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DB.  T.  K.  CHAMBERS. 

A  Manual  of  Diet  in  Health,  and  Disease.  By  Thomas 
King  Chamaers,  M.D.  Oxon.,  F.R.C.P.  Lond. ;  Honorary  Physician 
to  H.R.H.  the  Prince  of  Wales  ;  Consulting  Physician  to  St.  Mary's 
and  the  Lock  Hospitals  ;  Lecturer  on  Medicine  at  St.  Mary's  School  • 
Corresponding  Fellow  of  the  Academy  of  Medicine,  New  York,  &c.' 
Second  Edition.    Crown  8vo.   IO5.  M. 

Contents. 

Part  I.— Genehal  Dietetics. — Chap.  1.  Theories  of  Dietetics.— Chap.  2. 
On  the  Choice  of  Food.— Chap.  3.  On  the  Preparation  of  Food.— 
Chap.  4.  On  Digestion.— Chap.  5.  Nutrition. 

Paht  II. — Special  Dietetics  of  Health.— Chap.  1.  Regimen  of  Infancy 

and  Motherhood.— Chap.  2.   Regimen  of  Childhood  and  Youth.  

Chap.  3.  Commercial  Life.— Chap.  4.  Literary  and  Professional  Life. 
— Chap.  5.  Noxious  Trades. — Chap.  6.  Athletic  Training. — Chap.  7. 
Hints  for  Healthy  Travellers.— Chap.  8.  Effects  of  Climates.— 
Chap.  9.  Starvation,  Poverty,  and  Fasting.— Chap.  10.  The  Decline  of 
Life. — Chap.  11.  Alcohol. 

Part  III. — Dietetics  in  Sickness. — Chap.  1.  Dietetics  and  Regimen 
of  Acute  Fevers. — Chap.  2.  The  Diet  and  Regimen  of  certain  other 
Inflammatory  States. — Chap.  3.  The  Diet  and  Regimen  of  Weak 
Digestion. — Chap.  4.  Gout  and  Rheumatism. — Chap.  5.  Gravel, 
Stone,  Albuminuria,  and  Diabetes. — Chap.  6.  Deficient  Evacuation.— 
Chap.  7.  Nerve  DisoKlers. — Chap.  8.  Scrofula,  Rickets,  and  Consump- 
tion.— Chap.  9.  Disease  of  Heart  and  Arteries. 


'  Dr.  Clinmbers'  manual  deserves  to  take 
Its  place  amidst  oiu-  standard  treatises,  and 
■vvill  be  welcomed  by  the  profession.  No 
more  trustworthy  or  welcome  book  has 
been  issued  from  the  press  for  several 
yeare.  The  profession  may  congratulate 
itself  as  well  as  Dr.  Chambers  on  the 


success  of  his  rather  difficult  achievement. 
— British  Medical  Journai,. 

'  Throughout  the  work,  in  every  page  of 
it,  there  are  evidences  of  a  practical  know- 
ledge of  the  subject.  This  work  of  Dr. 
Chambers  must  be  heartily  welcomed  by 
the  profession.' — Practitioner. 


DB.  JOHN  CLELAWD,  F.B.S. 

A  Directory  for  the  Dissection  of  the  Human  Body. 

By  John  Cleland,  M.D.,  F.R.S.,  Professor  of  Anatomy  and 
Physiology  in  Queen's  College,  Galway.    Fcp.  8vo.    3s.  Qd. 


'  The  idea  is  certainly  a  very  good  one, 
nnd  the  plan  and  arrangement  of  the 
volume  are  greatly  to  be  commended.  It 
will  relieve  the  industrious  student  from 
the  necessity  of  taking  a  large  book  into 
the  dissecting  room,  and  at  the  same  time 
lead  into  a  careful  investigation  of  every 
structure  as  it  is  met  with  seriatim  in  his 
dissections.  A  methodical  use  of  such  a 
handy  little  volume  as  this  is  will  teach 
him  more  practical  anatomy  in  a  few 
months  than  he  can  acquire  in  a  much 
longer  time  if  this  be  spent  over  carefully 
selected  preparations,  a-s  we  fear  is  too 
much  in  vogue  at  many  schools  at  the 
present  time.  Indeed,  a  thorough  know- 
ledge of  human  anatomy,  with  a  cultiva- 
tion of  manipulative  skill  and  powers  of 
observation  can  only  be  obtained  by  some 
such  method  as  that  recommended  by 
Professor  Cleland.'— Lancet. 

'  The  distinguished  Professorof  Anatomy 
in  Galway  has  done  good  work  by  the  publi- 
cation of  this  small  volume.  Every  student 
of  anatomy  working  in  the  dissecting  room 


must  often  have  felt  the  want  of  a  short, 
concise,  and  handy  guide  to  his  work.  This 
he  vfiW  find  in  the  "Directory."  The 
directions  are  short,  not  overloaded  with 
facts,  and  can  easily  be  read  over  before 
beginning  a  part,  so  that  in  a  short  time 
a  working  plan  of  the  proposed  method 
of  procedure  is  brought  clearly  before  the 
student's  mind.  We  cordially  recommend 
every  dissector  to  provide  himself  at  once 
with  this  short  but  invaluable  "Direc- 
tory."'—Edinburgh  Medical  Journal. 

'  This  volume  prepares  the  dissector  for 
many  practical  difficulties  that  are  apt  to 
perplex  the  inexperienced.  It  is  of  a  con- 
venient size  for  carrying  in  the  pocket, 
and  should  be  in  the  possession  of  every 
student  of  medicine.'— ^N.  Y.  Medical 
Journal. 

'  This  is  a  plain,  coiivenient  dispecting 
guide,  to  be  used  over  the  subjecl.  As 
such  it  will  commend  itself  to  the  student 
by  the  lucid  composition  and  distinct 
directions  of  the  author.' — Medical  and 
Surgical  BEi-oiiTEii. 
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DE.  F.  S.  B,  FBANCOIS  DE  CHAUMONT. 

Lectures  on  State  Medicine.  Delivered  before  the  Society 
of  Apothecaries,  at  their  Hall  in  Blackfriars,  in  May  and  June 
1875.  By  F.  S.  B.  Feancois  db  Chaumont,  M.D.,  F.R.C.S.,  &c. 
&c.    8to.    10s.  M. 

mCHAED  DAVY,  F.B.C.S. 

Wew  Inventions  in  Surgical  Mechanisms.    By  Richaed 

Davy,  F.R.C.S.,  Surgeon  to  the  Westminster  Hospital  and  to  the 
Surgical  Aid  Society.    Svo.  sewed.    Is.  6fZ. 

DB,  GEOEGES  DIEULAPOY. 

A  Treatise  on  the  Pneumatic  Aspiration  of  Morbid 

Fluids ;  a  Medico-Chirurgical  Method  of  Diagnosis  and  Treatment 
of  Cysts  and  Abscesses  of  the  Liver,  Strangulated  Hernia,  Retention 
of  Urine,  Pericarditis,  Pleurisy,  Hydarthrosis,  &c.  By  Dr.  Geohgbs 
DiEuiAFOY,  Gold  Medallist  of  the  Hospitals  of  Paris.  Post  Svo. 
12s.  Qd. 


'  Few  inventors  have  made  such  a  rapid 
success  In  teaching  the  profession  both 
how  to  use  and  how  to  appreciate  their 
inventions  as  Dr.  Dieulafoy  has  in  bring- 
ing his  aspirator  into  use.   We  have  not 


space  to  do  more  than  recommend  to  our 
readers  this  book,  as  a  record  of  work  of 
very  great  value.' — Edinbdhgh  Medical 

JODRNAIi. 


DE.  HOEACE  DOBELL. 

Annual  Reports  on  Diseases  of  the  Chest.    Under  the 

Direction  of  Hohacb  Dobell,  M.D.,  &c.  &c.,  assisted  by  numerous 
coadjutors  in  different  parts  of  the  world.  Vol.  I.,  June  1,  1874,  to 
June  1,  1875,  Svo.  10s.  Qd.;  Vol.  11.,  June  1,  1875,  to  June  1,  1S76, 
Svo.  10s.  6cZ.  Vol.  III.,  June  1,  1876,  to  June  1,  1877.  Svo.  10s.  Qd. 

DB.  A.  S.  DONKIN". 

On  the  Relation  between  Diabetes  and  Food,  and  its 

Applii^tion  to  the  Treatment  of  the  Disease.  By  Aethtjb  Scott 
DoNKiN,  M.D.  Edin.,  M.D.  Durh. ;  Member  of  the  Clinical  Society 
of  London ;  late  Lecturer  on  Forensic  Medicine  and  Examiner  in 
Medicine  in  the  University  of  Durham,  &c.  &c.    Crown  Svo.  5s. 

DE»  ALEX«  ECKEE— JOHN"  C.  GALTON 

On  the  Convolutions  of  the  Human  Brain.    By  Dr. 

ALEXANnER  EciCBH,  Professor  of  Anatomy  and  Comparative  Anatomy 
in  the  University  of  Freiburg,  Baden.  Translated,  by  permission 
of  the  Author,  by  John  C.  Gaiton,  M.A.  Oxon,  M.R.C.S.,  F.L.S. 
Post  Svo.  4s. 

GEOBGE  VINEB  ELLIS,  F.B.C.S. 

Demonstrations  of  Anatomy  :  being  a  Guide  to  the 
Knowledge  of  the  Human  Body  by  Dissection.  By  Gborgb  Viner 
Ellis,  Professor  of  Anatomy  in  University  College,  London. 
Seventh  Edition,  Revised.  With  248  Engravings  on  Wood.  Small 
Svo.  I2s.  Qd.  The  number  of  illustrations  has  been  largely  added 
to  in  this  edition,  and  many  of  the  new  woodcuts  are  reduced  copies 
of  the  Plates  in  the  Author's  work,  '  Illustrations  of  Dissections.' 


6 


MEDICAL  WORKS 


GEORGE  VINEB  ELLIS— G.  H.  POBD. 

Illustrations  of  Dissections.  In  a  Series  of  Original 
Coloured  Plates,  the  size  of  Life,  representing  the  Dissection  of  the 
Human  Body.  By  G.  V.  Ellis  and  G.  H,  Foed.  Imperial  folio, 
2  vols.,  half-bound  in  morocco,  £6.  6s.  May  also  be  had  in  parts, 
separately.    Parts  1  to  28,  3s.  Qd.  each ;  Part  29,  5s. 

'  "With  these  plates,  and  such  as  these,  by 
his  side,  the  learner  will  be  well  guided  in 
his  dLssectiou ;  and  under  their  guidance 
he  may  safely  continue  his  study  when  out 
of  the  dissecting  room.   With  such  plates 


as  these,  the  surgeon  will  be  fully  reminded 
of  all  that  is  needful  in  anatomy  when 
engaged  in  planning  an  operation.'— 
Medical  Tuies. 


WILLIAM  EASSIE,  C.E. 

Sanitary  Arrangements  for  Dwellings,  intended  for  the 
Use  of  Officers  of  Health,  Architects,  Builders,  and  Householders. 
By  William  Eassie,  C.E.,  F.L.S.,  F.G.S.,  &c..  Author  of  '  Healthy 
Houses.'    With  116  Illustrations.    Crown  8vo.    5s.  M. 

'  Is  a  complete  manual  of  domestic 
drainage.  The  book  being  profusely  illus- 
trated, anybody  can  gather  from  its  pages 
useful  hints ;  and  those  intending  to  pur- 
chase or  buUd  might  find  Mr.  Eassie's 
volume  a  treasure.'^ — Echo. 

'  His  book  is  a  good  one,  plain  and  prac- 
tical ;  and  we  may  add  that  the  advice 
given  in  it  is  practicable.  It  is  a  work 
which  the  physician  as  well  as  the  archi- 
tect may  study  with  advantage,  for  the 
information  which  it  gives  might  often 
enable  the  former  to  ti-ace  the  origin  of 
typhoid  in  his  patients  to  some  faulty 


construction  of  drain  or  water-closet.' — 
Dublin  Journal  op  Medical  Science. 

'  Mr.  Eassie's  book  on  "  Sanitary  Arrange- 
ments for  Dwellings"  contains  many 
valuable  hints  by  which  those  who  are 
building  new  houses,  or  reconstructing  old. 
may  benefit.  Its  remarks  upon  drainage 
and  the  like  matters  are  of  exceeding  value, 
and  the  practical  common  sense  of  its  ob- 
servations can  scarcely  be  too  highly  rated. 
To  officers  of  health  and  others  who  have 
a  practical  interest  in  such  questions  it 
can  scarcely  be  [too  strongly  commended.' 
—Sunday  Times. 


DB.  EGBERT  PABQUHABSON". 

A  Guide  to  Therapeutics.  By  Robert  Faequhaeson,  M.D., 
F.R.C.P.,  Lecturer  on  Materia  Medica  at  St.  Mary's  Hospital  Medical 
School.    Crown  8vo.    7s.  6c?. 

'  It  is  the  best  book  of  its  class  we  know 
of  on  the  subject.'— Philadelphia  Medi- 
cal Times. 


'The  exposition  of  the  action  of  the 
various  drugs  is  uniformly  good  and  well 
abreast  our  most  recent  information,  and 
the  book  is  a  safe  guide  for  students.  We 
can  recommend  Dr.  Farquharson's  little 
work  very  cordially  to  students.' — Medical 
Press. 


'  The  work  will  give  many  students  an 
entu-ely  new  idea  of  the  science  of  thera- 
peutics, and  show  them  what  an  uitensely 
interesting  study  it  is  when  followed  in  a 
rational  and  scientific  manner.  Dr.  Far- 
quhareon  has  conferred  a  distinct  benefit 
on  the  present  and  futiu-e  members  of  the 
medical  profession,  and  we  venture  to 
think  that  his  book  will  do  much  to  assist 
the  progress  which  therapeutics  is  making 
towards  scientific  exactness.'— Student's 
Journal. 

On  the  Past,  Present,  and  Future  of  Therapeutics. 

Introductory  to  the  Coiu-se  of  Materia  Medica  at  St.  Mary's  Hospital.  Is. 

DR.    JAMES  FINLAYSON". 

Clinical  Manual  for  the  Study  of  Medical  Cases.  Edited 
by  James  Finlatson,  M.D.,  Physician  and  Lecturer  on  Clinical 
Medicine  in  the  Glasgow  Western  Infirmary,  &c. 

"WITH  SPECIAI,  CHAPTERS  BY: 

Prof.  Gaiedner  on  the  Physiognomy  of  Disease 
Prof.  Stephenson  on  Disorders  of  the  Female  Organs. 
Dr.  Alexander  Robertson  on  Insanity. 
Dr.  Samson  Gemmell  on  Physical  Diagnosis. 
Dr.  Joseph  Coats  on  Laryngoscopy,  and  also  on  the  Method  of 
Performing  Post-mortem  Examinations. 
The  rest  of  the  book,  on  the  Examination  of  Medical  Cases  and  on  tlie 
Symptoms  of  Disorder  in  the  Various  Systems,  is  by  Dr.  Finlatson, 
8vo.  with  numerous  Illustrations. 
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DK.  DAVID  rEBRIBB. 

The  Functions  of  the  Brain.     By  David  Fekriee,  M.D., 

F.E.S.,  Assistant  Physician  to  King's  College  Hospital ;  Professor 
of  Forensic  Medicine,  King's  College.  With  numerous  Illustrations. 
8vo.  15s. 

'  This  is  in  many  respects  an  important 
work.  Full  of  experimental  facts  and 
theoretical  suggestions,  clearly  and  forcibly 
written.  ...  It  will  long  remain  a  store- 
hoiise  to  which  aU  students  must  go  for 
material.' — G-.  H.  Lewes,  in  '  Nature.' 

'  The  turbid  chaos  of  facts  in  which  the 
laws  of  the  functions  of  the  encephalon 
have  so  long  lain  dissolved  seems  at  last 
to  be  clearing  itself  up  by  depositing  some- 
thing like  an  orderly  precipitate  of  doc- 
trine. Dr.  Ferrier's  work  may  be  regarded 
as  the  first  successful  attempt  to  collect 
and  exhibit  this  doctrine  in  its  fuU  gene- 
rality— in  other  words,  we  may  regard  it 
as  marking  the  end  of  an  old  era,  and  the 
beginning  of  a  new  one  in  cerebral  physi- 
ology.'—Bostox  Medical  and  Subgical 

JOUENAL. 


'  We  welcome  this  work  as  a  vei-y  im- 
portant and  valuable  contribution  to  an 
obscure  and  difficult  department  of  physio- 
logical inquiry.  It  is  indeed,  as  the  Ger- 
mans phrase  it,  an  "  epoch-making "  or 
"  path-breaking  "  treatise.-' — Lanckt. 

'  It  is  a  book  deserving  of  the  most  care- 
ful and  attentive  study.'— London  Medi- 
cal Eecord. 

'  The  work  must  be  studied  by  all  who 
claim  to  be  well  informed  in  their  profes- 
sion. Though  the  subject  is  one  of  great 
intricacy,  the  author  has  dealt  with  it  in 
such  a  manner  that  it  is  competent  for  any 
highly  educated  non-medical  reader  to  be 
gradually  led  on  to  the  most  profound 
questions  in  cerebral  physiology.' — Medi- 
cal Examiner. 


DE.  EDWARD  LOTTG  POX. 

The  Pathological  Anatomy  of  the  Nervous  Centres. 

By  Edward  Long  Pox,  M.D.,  F.E.C.S.,  F.R.C.P.,  Physician  to  the 
Bristol  Eoyal  Infirmary;  late  Lecturer  on  the  Principles  and 
Practice  of  Medicine  and  of  Pathological  Anatomy  at  the  Bristol 
Medical  School.    "With  Illustrations.    8vo.    I2s.  &d. 

PROFESSOR  PREY— DR.  G.  R.  CUTTER. 

Compendium  of  Histology.  Twenty-four  Lectures.  By 
Heinkich  Fret,  Professor.  Translated  from  the  German,  by  per- 
mission of  the  Author,  by  George  Cuti'ER,  M.D.  With  208 
Illustrations.    8vo,  12s. 

DR.  J.  MILWER  POTHERGILL. 

The  Maintenance  of  Health.  A  Medical  "Work  for  Lay 
Eeaders.  By  J.  Milner  Fothbhgill,  M.D.,  M.E.C.P.,  Assistant 
Physician  to  the  City  of  London  Hospital  for  Diseases  of  the  Chest 
(Victoria  Park),  Physician  to  the  West  London  Hospital.  Crown 
Bvo.    12s.  Qd. 


'  It  is  ^vritten  without  any  undue  use  of 
technical  terms,  in  a  clear,  vigorous,  and 
indeed  often  eloquent  style ;  and  though 
essentially  a  popular  work,  its  subject  mat- 
ter is  handled  with  strict  accm-acy,  and  its 
conclusions  are  based  upon  the  most  recent 
physiological  teachings.  We  may  add  that, 
though  distinctly  popular,  there  is  very 
much  in  it  which  it  would  interest  and 
benefit  the  busy  practitioner  to  know,  wliHsb 
even  the  scientific  physiologist  may  read  it 
with  advantage.' — Manchester  Guar- 
dian. 

'  "  The  Maintenance  of  Health  "  will  be 
found  a  very  useful  work  by  the  heads  of 
households,  colleges,  and  schools,  and  otliers 
who  have  the  charge  of  many  liuman  lives. 
It  will,  besides,  be  of  great  use  to  aU  those 


who  are  desirous  of  studying  hygienic  prin- 
ciples and  of  paying  a  proper  regard  to 
their  own  health.  We  can  safely  recommend 
this  work,  as  its  author  has  treated  of  a 
great  many  matters  in  an  exhaustive  way 
and  with  much  skill  and  abUity.' — Crvn. 
Service  Gazette. 

'  Dr.  Fothergill's  book  contains  a  great 
deal  of  sound  advice,  and  is  calculated  to 
be  of  much  value.  It  seta  foi-th  the  general 
physiological  principles  and  conditions  of 
health,  and  it  urges  iiraotical  attention  to 
them  with  a  well-considered  precision  and 
earnestness.  It  is  a  physiological  guide 
to  life,  and  treats  with  sound  philosophy 
and  great  wisdom  on  all  matters  that  de- 
mand practical  care.  It  should  be  ui  every 
home.'— British  QnAHTBitLY  Eevtrw. 


DR.  A.  L.  GALABITJ-. 

On  the  Connection  of  Bright's  Disease  with  changes  in 

the  Vascvdar  System.  With  Illustrations  from  the  Sphygmo- 
graph.  By  A.  L.  Galabin,  M.A.,  M.D.,  Fellow  of  Trinity  College, 
Cambridge.    Demy  8vo.    Is.  Qd. 
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DB.  JOHN  GARDNER. 

Household  Medicine  :  Containing  a  Familiar  Description 

of  Diseases,  their  Nature,  Causes,  and  Symptoms,  the  most  approved 
Methods  of  Treatment,  the  Properties  and  Uses  of  Remedies,  &c., 
and  Rules  for  the  Management  of  the  Sick  Room.  Expressly 
adapted  for  Family  Use.  By  John  Gaednee,  M.D.  Eighth  Edition, 
Revised  and  Enlarged,  with  Numerous  Illustrations.  Demy  8vo, 
12s.  Qd. 

DR.  SAMUEL  GROSS. 

A    System    of    Surgery;    Pathological,  Diagnostic, 

Therapeutic,  and  Operative.  By  Sajitjel  D.  Geoss,  M.D., 
LL.D.,  D.G.L.,  Oxon.  Fifth  Edition,  greatly  Enlarged  and 
thoroughly  Revised,  with  upwards  of  1,400  Illustrations.  2  vols. 
8vo.    £3.  105. 


'  The  most  complete  work  that  has  yet 
issued  from  the  press  on  the  science  and 
practice  of  surgery.' — Lancet. 

'Complete  in  almost  every  detail,  no 
matter  how  minute  or  trifling,  and  em- 
bracing every  subject  known  in  the  princi- 
ples and  practice  of  sm-gery,  we  believe  it 
stands  without  a  rival. — Canada  Medical 

JOUKNAl,. 

'  A  complete  system  of  surgery ;  not  a 
mere  textbook  of  operations,  but  a  scien- 


tific account  of  surgical  theory  and  prac- 
tice in  all  its  departments.  We  gladly 
indorse  the  favoiuable  recommendation 
of  the  work,  both  as  regards  matter  and 
style,  which  we  made  when  noticing  its 
first  appearance. — Brttish  and  Foreign 
Medico-Chibuegical  Eevtew. 

'  It  must  long  remain  the  most  compre- 
hensive work  on  this  important  part  of 
medicine.' — Boston  Medical  and  Suegi- 
cal  Jouenal. 


DR.  SAMUEL  GEE. 

Auscultation   and  Percussion,  together  with  the  other 

Methods  of  Physical  Examination  of  the  Chest.    By  Samuel  Gee, 

M.D.    With  Illustrations.    New  Edition.    Fcp.  8vo.  6s. 

'It  has  evidently  been  prepai-ed  with 
great  care,  and  is  well  up  to  the  level  of 
modern  research.  We  are  much  pleased 
with  Dr.  Gee's  little  work,  and  recommend 
it  to  the  student  with  every  confidence.' — 
Lancet. 


'  It  is  the  work  of  a  man  who  has  read 
much,  who  has  seen  much,  and  who  has 
thought  much.'— Medical  Times. 


M.  P.  GUERSANT— DR.  R.  J.  DUNGLISON. 

Surgical  Diseases  of  Infants  and  Children.    By  M.  P. 

Gueesant,  Honorary  Surgeon  to  the  Hopital  des  Enfants  Malades, 
Paris,  &c.  Translated  from  the  French  by  R.  J.  Dunglison,  M.D. 
Svo.  12s. 

ERNEST  HART. 

A  Manual  of  Public   Health :   for  the  Use  of  Local 

Authorities,  Medical  Officers  of  Health,  and  Others.    By  W.  H. 
Michael,  F.C.S.,  Barrister-at-Law ;  W.  H.  Coefibld,  M.A.,  M.D., 
Oxon.  (Professor  of  Hygiene  and  Public  Health,  University  College, 
London ;  Medical  Officer  of  Health,  St.  George's  Hanover  Square, 
&c.) ;  and  J.  A.  Wanklyn,  M.R.C.S.  (Corresponding  Member  of 
the  Royal  Bavarian  Academy  of  Sciences;  Public  Analyst  for 
Buckinghamshire,  Buckingham,  and  High  Wycombe).    Edited  by 
Eenbst  Haet.    Post  Svo.    12s.  Qd. 
Exteact  feom  the  Preface.—'  Those  who  are  called  upon  to  carry  out  duties  con- 
nected with  the  Public  Health  Act  of  1872  have  to  deal  with  subjects  involvmg  three 
separate  kinds  of  knowledge— legal,  medical,  and  chemical.   The  duties  are  so  multifa- 
rious, and  to  many  now  engaged  in  them  tlicy  are  so  novel,  that  it  seemed  advantageous, 
in  the  production  of  a  Manual  of  Public  Health,  to  secure  t)ic  assistance  of  three  gentle- 
men severally  experienced  in  each  of  the  branches  of  knowledge  mvolved.   Hence  tbe 
origination  of  this  manual,  in  wliich  I  have  had  the  advautage  of  the  coUaboration  or 
three  able  and  well-known  authorities.' 

'  A  Manual  of  Health  Administration  of 
unusual  comprehensiveness.  We  heartily 
commend  the  book  to  all  sanitary  officers 
and  others  interested  in  the  promotion  of 
health.'— The  Sanitarian. 


'  A  happy  idea  ;  an  admirable  digest.'— 
Edinuurgh  Medical  Jolunal. 

'  A  treatise  as  well  as  a  book  of  reference.' 
— Law  Journal. 
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DE.  F,  H.  HAMILTON". 

A  Practical  Treatise  on  Fractures  and  Dislocations. 

By  Feauk  Hastings  Hamii-ton,  A.M.,  M.D.,  LL.D.  Fifth  Edition, 
Eevised  and  Improved.    With  322  Illustrations.    8vo.  28s, 


'  The  credit  of  giving  to  the  profession 
the  only  complete  practical  treatise  on 
fractures  and  dislocations  in  our  language 
during  the  present  century  belongs  to  the 
author  of  the  work  before  us.' — Lahcet. 


'  This  is  the  most  complete  treatise  ou 
the  subject  in  the  English  language.'— 
Eanking's  Abstkact. 


DB.  HENBT  HARTSHOBNB. 

Essentials  of  the  Principles  and  Practice  of  Medicine. 

A  Handbook  for  Students  and  Practitioners.  By  Heney  Haetshoene, 
A.M.,  M.D.    New  Edition.    12s.  %(L. 


'  We  can  say  that  aU  students  ■wtU  find  it 
an  invaluable  guide  in  their  pursiut  of 
clinical  medicine.  In  his  study,  and  at  the 
bedside,  the  student  yaW  find  Dr.  Harts- 
home  a  safe  aud  accomplished  companion. 
We  speak  thus  highly  of  the  volume  be- 
cause it  approaches  more  nearly  than  any 
similar  manual  lately  before  us  the  stan- 
dard at  which  all  such  books  should  aim — 


of  teaching  much  and  sug:gesting  more. 
To  the  student  we  can  heartily  recommend 
the  work,  and  the  busy  practitioner,  we 
are  sure,  wUl  find  in  it  the  means  of  solving 
many  a  doubt,  aud  wUl  rise  from  the  per- 
usal of  its  pages  having  gained  clearer 
views  to  guide  him  in  his  daily  struggle 
with  disease.' — Dublin  Medical  Pebss. 


DE.  L.  HEEMANN". 

Elements  of  Human  Physiology.  By  Dr.  L.  Hermann, 
Professor  of  Physiology  in  the  University  of  Zurich.  Second  Edition. 
Entirely  recast  from  the  Sixth  German  Edition,  with  very  copious 
additions  and  many  additional  Woodcuts,  by  Aethtje  Gamgeb, 
M.D.,  F.E.S.,  Brackenbury  Professor  of  Physiology  in  Owens  Col- 
lege, Manchester,  and  Examiner  in  Physiology  in  the  University  of 
Edinburgh.    Demy  Svo.  16s. 


'  An  addition  to  English  scientific  litera- 
ture of  no  small  value.  The  work  is  one 
in  every  way  worthy  of  its  reputation. 
Comprehensive  in  its  scope,  it  includes  the 
by-paths  as  well  as  the  highways  of  the 
science.' — Lancet. 

'  A  storehouse  of  condensed  information, 
admirably  arranged.' — Academy. 

'  For  a  considerable  time  a  first-class 
work  on  the  Elements  of  Physiology  in  our 
own  language  has  been  a  desideratum.  Dr. 
Gamgee  steps  forward  to  fill  the  gap  with 


a  carefully  conducted  and  excellent  trans- 
lation of  Prof.  Hermann's  deservedly 
esteemed  "  Elements  of  Physiology,"  a 
work  unequalled  in  the  care  which  has 
been  bestowed  on  the  collecting  and  the 
balancing  of  the  investigations  of  authors 
from  all  quarters,  as  well  as  in  its  general 
construction  and  inherent  imity  of  design. 
There  is  no  doubt  that  the  appearance  o£ 
this  work  has  greatly  reduced  the  need  for 
any  other  treatise  on  the  Elements  of 
Physiology.' — Nature. 


BEEKELEY  HILL,  M.B.,  P.B.C.S. 

The  Essentials  of  Bandaging :  including  the  Management 
of  Fractures  and  Dislocations,  with  Directions  for  using  other 
Surgical  Apparatus.  With  128  Engravings.  By  Beekjeley  Hill, 
M.B.  Lond.,  F.R.C.S.  Third  Edition,  Revised  and  Enlarged.  Fcp. 
8vo.    4s.  %d. 


'  It  is  one  of  those  works  which  are  in- 
dispensable to  house  surgeons  and  dressers, 
and  it  is  also  of  great  value  to  students 
preparing  for  surgical  examinations. 
Several  additions  have  been  made  to  the 
present  edition  which  will  increase  its 
value,  among  them  being  a  chapter  of 


some  GO  pages  in  which  are  given  the 
various  landmarks  which  may  be  detected 
on  the  surface  of  the  body,  and  the 
points  which  may  be  taken  as  guides  in 
examining  injuries  smd  diseases  o£  deep- 
seated  parts.' — Medical  Times  and 
Gazette. 


Syphilis  and  Local  Contagious  Disorders.   By  Berkeley 

Hill,  M.D.  Lond.,  F.R.C.S.    Demy  Svo.  16s. 

'  The  book  is  marvellously  complete.  Mr.  Hill's  practical  experience  at  the  Lock 

The  description  of  the  eruptions  is  most  Hospital  enables  him  to  give  some  very 

excellent ;  at  once  the  simplest  and  most  valuable  hints  as  to  treatment.' — Edin- 

complete  we  have  read  in  any  language.  nunOD  Medical  Jouiinal. 
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BERKELEY  HILL,  M.B.,  E.B.C.S, 

The  Student's  Manual  of  Venereal  Diseases.    Being  a 

concise  Description  of  those  Affections  and  of  their  Treatment.  By 
Berkeley  Hill,  M.B.,  Professor  of  Clinical  Surgery  in  University 
College,  London  ;  Surgeon  to  University  College,  and  Surgeon  to 
the  Lock  Hospital ;  and  by  Ahthue  Cooper,  Surgeon  to  the  Male 
Lock  Hospital.    Post  8vo.    2s.  Qd. 


TIMOTHY  HOLMES,  F.B.C.S. 

Suj*gery:  its  Principles  and  Practice.  By  Timothy 
Holmes,  F.R.C.S.,  Surgeon  to  St.  George's  Hospital.  Second  Edition. 
With  upwards  of  400  Illustrations.    Royal  8vo.  30s. 


'  A  most  complete  and  accurate  sur- 
gical text-book.  It  Is  an  extremely 
fair  exposition  of  British  Surgery.  We 
have  no  hesitatiou  in  recommending  this 
work  as  by  far  the  best  of  existing  surgical 
text-books  ;  it  is  well  up  to  the  time  ;  it 
exhibits  a  thorough  acquaintance  with 
surgical  literature  and  practice,  is  charac- 
terised by  the  most  impartial  falmesa,  and 
is  written  in  excellent  English.'— Medical 
TniES. 

'  We  believe  it  to  be  by  far  the  best 
surgical  text-book  that  we  have,  inso- 
much as  it  is  the  completest,  and  tlie  one 
most  thoroughly  brought  up  to  the  know- 
ledge of  the  present  day.  All  who  will 
give  this  book  the  careful  perusal  that  it 
deserves  and  requu-es,  whether  student  or 
practitioner,  will  agree  with  us  that,  from 
the  happy  way  in  which  justice  is  done, 
both  to  the  principles  and  practice  of 
surgery,  from  the  care  with  which  its 
pages  are  brought  up  to  modern  date, 
fi'om  the  respect  which  is  paid  all  along 
to  the  opinions  of  others,  it  deserves  to 


take  the  first  place  among  the  text-books 
on  surgery.' — British  Medical  Journal. 

'  Tills  is  a  work  which  has  been  looked 
for  on  both  sides  of  the  Atlantic  with 
much  interest.  Mr.  Holmes  is  a  surgeon 
of  large  and  varied  experience,  and  one  of 
the  best  kno\™  and  perhaps  the  most 
brilliant  writer  upon  siurgical  subjects  in 
England.  It  is  a  book  for  students — and 
an  admii-able  one — and  for  the  busy  general 
practitioner.  It  will  give  a  student  all 
the  knowledge  needed  to  pass  a  rigid  ex- 
amination. Tlie  book  fairly  justifies  the 
high  expectations  that  were  formed  of  it. 
Its  style  is  clear  and  forcible,  even  brilliant 
at  times,  and  the  conciseness  needed  to 
bring  it  within  its  proper  limits  has  not 
unpaired  its  force  and  distinctness.' — New 
York  Medical  Record. 

'  It  mil  be  found  a  most  excellent 
epitome  of  sm'gery  by  the  general  practi- 
tioner and  to  the  medical  student.  It  will 
no  doubt  become  a  popular  work  in  the 
profession,  and  especially  as  a  text-book.' 
— Cincinnati  Medical  News. 


DR.    MARY    PUTNAM  JACOBI. 

The  Question  of  Rest  for  Women  during  Menstruation. 

By  Mary  Putnam  Jacobi,  M.D.,  Professor  of  Materia  Medica  in  the 
Woman's  Medical  College,  New  York.  With  Illustrations.  Demy 
8vo.  12s. 

DR.  GEORGE  JOHNSON, 

Lectures  on  Bright's  Disease,  with  Especial  Eeference  to 
Pathology,  Diagnosis,  and  Treatment.  By  George  Johnson, 
M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of  Physicians,  Physician 
to  King's  College  Hospital,  Professor  of  Medicine,  King's  College,  &c. 
With  numerous  Illustrations,    Post  8to.  Ss. 


DB,  E.  KLEIN. 

The  Anatomy  of  the  Lymphatic  System.    By  E.  Klein, 
M.D.,  F.R.S.,  Assistant  Professor  at  the  Laboratory  of  the  Brown 
Institution,  Loudon  ;  Lecturer  on  General  Histology  at  the  Medical 
School  of  St.  Bartholomew's  Hospital. 
Part  I.  The  Serous  Membranes,    With  10  Double-page  Illustrations, 

8vo.    10s.  Qd. 
Part  II,  The  Lung.    With  Illustrations.    10s.  6i, 
**  These  Researches  are  published  with  the  sanction  and  approval  of 
the  Medical  Officer  of  tho  Privy  Council.    The  Government  Grant  Com- 
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mittee  of  the  Eoyal  Society  have  furnished  means  for  the  execution  of  the 
Plates. 

plete  and  valuable  series  of  investigations 
into  the  an-angement  and  distribution  of 
the  lymphatics  of  the  pulmonary  pleui-a 
and  lung.  We  cannot  conclude  without 
expressing  om-  very  high  opinion  of  the 
vaiue  of  IJr.  Klein's  work.  The  numerous 
plates  are  models  in  clearness  and  delicacy 
of  outline.'— Laucet. 


'This  monograph  of  the  Lymphatic 
System  is  a  most  valuable  addition  to  our 
knowledge  of  perhaps  one  of  the  most 
difacult  subjects  in  histology.' — Medical 
Press. 

'  Professor  Elein  has  followed  up  his 
admirable  researches  on  the  lymphatic 
system  of  the  serous  membranes  by  a  com- 


DK.  B.  J.  LEE. 

On  Exercise  and  Training,  and  tlieir  Effect  upon  Health. 
By  E.  J.  Lee,  M.A.,  M.D.  (Cantab.),  late  Lecturer  on  Pathology  at 
"Westminster  Hospital,  &c.  Is. 

The  Gonlstonian  Lectures  on  Puerperal  Fever.  De- 
livered at  the  Eoyal  College  of  Physicians,  London,  by  Eobebt  J. 
Lee,  M.D.,  F.E.C.P.,  Assistant-Physician  to  the  Hospital  for  Sick 
Children,  late  Lecturer  on  Pathology  and  Forensic  Medicine  at 
Westminster  Hospital,  &c.  2s. 

Hooping  Cough.  Remarks  on  its  Prevalence,  Symptoms, 
and  Treatment.  Is. 


B.  T.  LOWNE,  F.B.C.S. 

A  Handbook  of  Ophthalmic  Surgery, 


Thompsok  Lowne, 

Northern  Hospital. 
'We  commend  this  little  work  of  Mr. 
Lowne's  to  all  practitioners  not  specialists 
who  wish  to  know  how  to  treat  ophthalmic 


By  Benjamin 
P.E.C.S.,  Ophthalmic  Surgeon  to  the  Great 
Crown  8vo.  6s. 


cases  successfully.' — ^Medioai,  Press  AKD 

ClBCDLAR. 


DE.  IjOBY  MABSH. 

Handbook  of  Rural  Sanitary  Science.    Illustrating  the 

best  means  of  securing  Health  and  preventing  Disease.  Edited  by 
LoET  Maksh,  M.D.,  Member  of  the  Eoyal  College  of  Physicians, 
London  ;  Member  of  the  Eoyal  College  of  Surgeons,  England. 
Crown  8vo.  6s. 


'  The  essays  are  all  of  a  high  order  of 
merit,  and  are  full  of  suggestions  and 
hints  invaluable  alike  to  landlords, 
tenants,  and  sanitary  boards.' — Standard. 

'  Such  facts  should  quicken  the  general 


desire  for  the  inauguration  of  a  policy  of 
drainage.  The  essays  are  of  a  practical 
kind,  and  are  full  of  suggestive  hints,  not 
only  to  the  medical  profession,  bui  to  all 
who  study  the  law  of  health  and  the  pre- 
vention of  Ulness.' — Globe. 


DB.  S.  WEIB  MITCHELL. 

Injuries  of  Nerves  and  their  Consequences.    By  S. 

Weie  Mitchell,  M.D.    8vo.  15s. 


'  Dr.  Mitchell  has  produced  a  work  which 
must  attract  the  attention  of  the  profession, 
whether  we  consider  its  fulness  of  matter 
or  the  cautiousness  of  its  inductions.  He 
tells  us,  in  iiis  preface,  tliat  while  ho  has 
not  hesitated  to  iise  the  observations  of 


others,  his  work  is  chiefly  based  upon  his 
own  e.xperience.  His  extensive  experience 
and  his  wide  acquaintance  with  tlie  litera- 
ture of  tlie  subject  give  to  his  volimie  an 
importance  wliich  no  other  similar  treatise 
can  claim.'— Boston  Globe. 


S.  W.  MOOBB, 

Notes  of  Demonstrations  of  Physiological  Chemistry. 

By  S.  W.  MoouE,  Junior  Demonstrator  of  Practical  Physiology  at 
St.  George's  Medical  School,  Fellow  of  the  Chemical  Society,  &c. 
Crown  Svo.    3s.  dd. 
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DR.  O.  MUBCHISOIT. 

On  Functional  Derangements  of  the  Liver.    By  C. 

MuRCHisoN,  M.D.,  LL.D.,  F.R.S.,  Physician  and  Lecturer  on 
Medicine,  St.  Thomas's  Hospital,  and  formerly  on  the  Medical  Stafif 
of  H.M.'s  Bengal  Army.    Crown  8vo.  5s. 

DB.  JOHN"  MURRAY. 

Observations  on  the  Pathology  and  Treatment  of 
Cliolera,  The  Eesult  of  Forty  Years'  Experience.  By  John 
MuBEAY,  M.D.,  Inspector-General  of  Hospitals,  late  of  Bengal.  2s. 


DR.  GEORGE  NATLER. 

A  Practical  and  Theoretical  Treatise  on  Diseases  of 
th.e  Skin.  By  Geoegb  Naylee,  F.R.G.S.  Second  Edition,  with 
Hlustrations.    8vo.    12s.  Qd. 


DR.   A.   H.  NEWTH. 

A  Manual  of  Necroscopy ;  or,  a  Guide  to  Post-Mortem 

Examinations.  With  Notes  on  the  Morbid  Appearances  and 
Suggestions  for  Medico-Legal  Examinations.  By  A.  H.  Newth, 
M.D.    Crown  8vo.  5s. 


'  This  Manual  may  be  confidently  recom- 
mended, and  will,  we  are  inclined  to  think, 
supply  a  want  felt  by  the  general  body  of 
the  profession.' — Lancet. 

'  Embraces  in  its  scope  a  systematic  ar- 
rangement of  the  lesions  which  may  be 
met  with.  Considering  the  restricted 
limits  within  which  the  author  has  appor- 
tioned his  task,  we  consider  that  he  has 
done  his  work  thoroughly  and  well.' 

London  Medical  Record. 


'  This  very  useful  book  supplies  a  well- 
recognised  want.  The  author  treats  in  a 
singularly  able  and  lucid  manner  of  those 
points  which  a  student  or  practitioner  re- 
quires to  have  at  his  finger-ends  in  the 
post-mortem  room.  Much  valuable  infor- 
mation is  found  in  all  parts  of  the  book, 
which  is  exactly  the  thing  for  all  who  are 
pursuing  any  pathological  work.' 

(JuY's  HosprrAL  &AZffrrE. 


A.  T.  NORTON,  P.R.C.S. 

The  Examiner  in  Anatomy ;  a  Conrse  of  Instruction  on 
the  Method  of  Answering  Anatomical  Questions.  By  Arthub 
Teekern  Noeton,  F.R.C.S.,  Assistant-Surgeon;  Surgeon  in  Charge 
of  the  Throat  Department,  Lecturer  on  Surgery,  and  late  Lecturer 
on  Anatomy  at  St,  Mary's  Hospital,  &c.    Crown  8vo.  5s. 


'  Nor  is  the  student  the  only  person  to 
whom  a  work  of  this  kind  will  be  found 
valuable.  The  busy  practitioner,  be  he 
physician  or  surgeon,  who  has  allowed  his 
anatomical  knowledge  to  become  a  little 


rusty  will  find  in  the  "  Examiner  in 
Anatomy  "  a  ready  means  of  recalling  to 
memory  such  anatomical  facts  as  sliould  be 
always  borne  in  mind  in  the  diagnosis  and 
treatment  of  disease.' — Medical  Press. 


W.  S.  PLAYFAIR,  M.D.,  F.R.C.P, 

A  Treatise  on  the  Science  and  Practice  of  Midwifery. 

By  W.  S.  Playfair,  M.D.,  F.R.C.P.,  Professor  of  Obstetric  Medi- 
cine in  King's  College ;  Physician  for  the  Diseases  of  Women  and 
Children  to  King's  College  and  Hospital ;  Examiner  in  Mid-nifery 
to  the  University  of  London,  and  lately  to  the  Eoyal  College  of 
Physicians ;  Vice-President  of  the  Obstetrical  Society,  &c.  2  vols, 
demy  8vo.    AVith  166  Hlustrations.  28s. 


'  These  volumes  will  at  once  take  a  posi- 
tion in  the  highest  rank  of  obstetric 
works.' — Lancet. 

'  We  need  scarcely  say  that  we  recom- 
mend it  to  practitioners,  teachers,  and 
students.  It  is  seooud  to  no  simUai"  treatise 
in  our  language.'— Edlnbuugh  Medical 
Journal. 


'  The  student  and  also  the  busy  prac- 
titioner ^^^ll  find  here  a  rich  mina  from 
wliicli  he  may  obtain  valuable  information. 
We  would  earnestly  recommend  it  to  all 
oiu-  readers,  as  a  book  wliich  they  should 
constantly  and  carcfully  study.' — Medical 
AND  Surgical  Kkpoutur. 
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DB,  HENEY  G.  PIFFARD. 

A  Guide  to  TTrinary  Analysis,  for  the  Use  of  Physicians 
and  Students.  By  Henry  G.  Piffaud,  A.M.,  M.D.  Demy  8vo. 
75.  U. 

DB.  GEOBGE  VIVIAN"  POOBE. 

A  Text-Book  of  Electricity  in  Medicine  and  Surgery, 

for  the  Use  of  Students  and  Practitioners.  By  Geokge  Vivian 
PooHE,  M.D.  Lond.,  M.R.G.P.,  &c. ;  Assistant  Physician  to  Univer- 
sity College  Hospital ;  Senior  Physician  to  the  Eoyal  Infirmary  for 
Children  and  Women.    Crown  8vo.    8s.  &d. 


'  Dr.  Poore's  contribution  to  the  litera- 
ture of  the  subject  wiU  help  to  establish 
electro-therapy  on  a  more  satisfactory 
basis.  Enjoying  unusual  opportunities, 
he  has  completely  mastered  his  subject, 
and  succeeded  in  conveying  its  essen- 
tials with  a  clearness  and  elegance  to 
be  praised.  The  arrangement  and  com- 
pass of  the  book  are  such  as  to  commend 
it  to  the  reader  with  limited  time  at  his 
disposal.  With  a  work  like  Dr.  Poore's 
within  their  reach,  it  may  fairly  be  de- 
manded by  the  teacher  of  the  student, 
and  by  the  public  of  the  practitioner,  that 


they  have  a  knowledge  of  the  principles 
and  application  of  electro-therapeutics.' — 
Medical  Examinbr. 

'  Dr.  Poore  has  produced  that  which  was 
needed  by  the  profession — a  compact  and 
yet  thoroughly  useful  treatise  on  a  subject 
of  increasing  importance.  This  is  the  best 
work  on  the  subject  we  have  yet  seen.' — 
Medical  Press  and  Circulab. 

'  It  bears  the  impress  of  acute  obeerva- 
tion  and  reason,  of  sufficient  personal  ex- 
perience, and  of  a  competent  knowledge 
of  physics.' — Westminstkb  Eeview. 


QUAIN  AND  •WILSON', 

Quain  and  Wilson's  Anatomical  Plates.    201  Plates. 

2  vols.  Eoyal  folio,  half-bound  in  morocco,  or  Pive  Parts  bound  in 
cloth.    Price,  coloured,  £10.  10s.;  plain,  £6.  6s. 


DB.  JOHN  J.  BEESE, 

A  Manual  of  Toxicology.    Including  the  Consideration 

of  the  Nature,  Properties,  Effects,  and  Means  of  Detection  of 
Poisons,  more  especially  in  their  Medico-Legal  Relations.  By  John 
J.  Reese,  M.D.    8vo.    12s.  6d. 

DB.    WILIiIAM  BOBEBTS. 

A  Practical  Treatise  on  Urinary  and  Renal  Diseases, 

including  Urinary  Deposits.  Illustrated  by  numerous  Cases  and 
Engravings.  By  William  Robekts,  M.D.  Third  Edition,  Revised 
and  Enlarged.    Small  8vo.    l^s.  6d. 


HENBY  BOBINSON— JOHN  CHABLES  MELLISS. 

Purification  of  Water-Carried  Sewage.    Data  for  the 

Guidance  of  Corporations,  Local  Boards  of  Health,  and  Sanitary 
Authorities.  By  Henry  Robinson,  M.Inst.  C.E.,  and  John  Chakies 
Melliss,  A.Inst.  C.E.    Demy  8vo.  6s. 

'  Messrs.  Eobinson  and  Melliss  have  done, 
and  done  well,  what  the  Local  Govern- 
ment Board  should  have  done  and  done 


annually.  They  have  made  the  most 
valuable  contribution  to  the  literature  of 
a  very  important,  though  remarkably  un- 
attractive subject  that  has  been  published 
in  this  country.  .  .  .  The  work  should  be 
consulted  by  all  persons  who  are  likely 
to  have  a  voice  as  to  local  expenditure 
with  reference  to  the  public  health.' — 
Athen^um. 


'  Messrs.  Eobins(m  and  Melliss  have  to 
some  extent  performed  a  service  of  which 
we  have  long  since  intimated  the  need. 
What  we  want  is  facts,  so  collected,  so 
described,  and  so  arranged  that  thoy  shall 
speak  for  themselves.  And  certainly  the 
nearest  approach  that  has  yet  been  rnade, 
BO  far  as  wo  are  aware,  to  that  important 
desideratum  is  to  be  found  in  the  volume 
before  us.  The  work  is  the  most  com- 
plete which  we  have  as  yet  had  to  notice. 
It  la  a  step  in  the  right  direction.'— 

BUTLDER. 


MEDICAL  W0R7{S 


DR.  a.  HOWELL. 

246  Outline  Drawings  witli  adhesive  backs,  for  Clinical  Case  Books. 

Outline    Diagram    Forms  for   Clinical   Case  Books. 

For  the  representation  of  Injuries  and  Diseases  and  Physical  Signs. 
Designed  for  the  use  of  Clinical  Students,  Physicians,  and  Surgeons.' 
By  G-.  EowBLL,  M.D.,  Resident  Surgeon  to  the  Leeds  Infirmary 
3s.  6d. 

DR.  H.  "W.  RUMSEY. 

Essays  and  Papers  on  some  Fallacies  of  Statistics 

concerning  Life  and  Death,  Health  and  Disease,  with  Sug- 
gestions towards  an  Improved  System  of  Registration.  By  Henkt 
W.  Rtjmset,  M.D.,  F.R.S.,  Author  of  '  Essays  on  State  Medicine,' 
'Sanitary  Legislation,' &c.    8vo.  12s. 

DR.     JAMES     ANDREW  — THOMAS     SMITH,  E.R.C.S.— 
DR.  W.  S.  CHnRCH.— ALFRED  WILLETT,  E.R.C.S. 

Saint     Bartholomew's    Hospital    Medical  Reports. 

Volume  10,  1874.  Edited  by  Jajibs  Andrew,  M.D.,  and  TiioJLiS 
Smith,  F.R.C.S.    8vo.    8s.  6d. 

Saint    Bartholomew's     Hospital    Medical  Reports. 

Volume  11,  1875.  Edited  by  James  Andrew,  M.D.,  and  Thomas 
Smith,  F.R.C.S.    8to.    8s.  6d. 

Saint    Bartholomew's     Hospital    Medical  Reports. 

Volume  12,  1876.  Edited  by  James  Andrew,  M.D.,  and  Alfred 
Wlllett,  F.R.C.S.    8vo.    8s.  6d. 

Saint    Bartholomew's    Hospital     Medical  Reports, 

Volume  13,  1877.  Edited  by  W.  S.  Church,  M.D.,  and  Axfeed 
WiiLETT,  F.R.C.S.    Demy  8yo.    8s.  6d. 

DR.  LEWIS  A.  SAYRE. 

Spinal  Disease  and  Spinal  Curvature  :  their  Treatment 

by  Suspension,  and  the  Use  of  Plaster  of  Paris  Bandage.  By  Lewis 
A.  Satke,  M.D.,  of  New  York,  Professor  of  Orthopsedic  Surgery  in 
Bellevue  Hospital  Medical  College,  New  York,  &c.  &c.  With 
21  Photographs  and  numerous  Woodcuts.    Crown  8vo.    10s.  Gd. 


'  The  book  is  oue  of  capital  importance ; 
it  constitutes  an  era  in  this  department  of 
surgery  and  removes  this  whole  class  of 
diseases  from  the  hands  ot  instrument- 
makers  and  specialists,  placing  in  the 
possession  of  every  general  practitioner 


the  means  of  easily  and  successfully  treat- 
ing this  large  class  of  cases,  even  those 
hitherto  most  intractable.  The  study 
of  this  book  is  almost  indispensable  to 
every  practitioner.'  —  British  Medical 
Journal. 


EDWARD  A.  SCHAPER. 

A  Course  of  Practical  Histology.    By  Edward  Albert 

Schafer,  Assistant  Professor  of  Physiology,  University  College. 
With  numerous  Illustrations.    Crown  8vo.    10s.  6d. 


'  We  are  very  much  pleased  with  Mr. 
Schiifer's  book.  It  is  clearly  written,  well 
and  originally  iUustrated,  and  possesses 
the  merit  of  being  both  concise  and  com- 
plete. In  conclusion  we  may  say  that  any 
student  who  has  gone  fairly  over  the 
ground  covered  by  this  treatise  will  find 
that  he  has  not  only  gained  a  mastery 
over  the  modern  methods  of  microscopical 


investigation,  but  a  sound  knowledge  of 
the  several  structures  of  which  the  body 
is  composed.' — L.4.NCET. 

'  Concerning  Mr.  Schafer's  '  Practical 
Histology'  we  have  nothing  to  say  except 
in  praise.  The  book  is  to  be  thoroughly 
recommended  alike  to  the  teacher  and  tlie 
student,  and  we  believe  it  will  lighten  the 
task  of  each.'— Medical  Examiner. 


DR.  A.  B.  SHEPHERD. 


Goulstonian    Lectures  on 

Pulmonary  Consumption. 

F.R.C.P.    With  Illustrations. 
'  Dr.  Sliepherd  may  be  congratulated  on 
having  produced  a  work  which  gives,  more 
clearly  perhaps  than  any  other,  a  liistoricol 
account  of  the  long-standing  dispute  re- 


the  Natural  History  of 
By  A.  B.  Shepherd,  M.A.,  M.D., 
Demy  Bvo.  16s. 

garding  the  tnio  nature  of  phthisis.  Mr. 
Noble  Smith  lias  illustrated  the  work  by  h 
series  of  singularly  beautiful  and  accurately 
coloured  drawings.' — Burr.  Med.  Jouiinai- 


PUBLISHED  BY  SMITH,  ELDER  ^  CO. 


15 


DB.  "WALTER  GEOBGE  SMITH, 

Commentary  on  the  British  Pharmacopoeia.  By  "Waiter 

G-EORGB  Smith,  M.D.,  Fellow  and  Censor  King  and  Queen's  College 
of  Physicians  in  Ireland,  Examiner  in  Materia  Medica,  Q.U.I. 
Assistant-Physician  to  the  Adelaide  Hospital.    Crown  8to.    12s.  &d. 
"The  busy  practitioner,  and  often  over- 
worked student,  will  hail  with  pleasure 
the  comprehensive  and  able  work  which 
Dr.  W.  G.  Smith  has  recently  laid  before 
his  medical  brethren.    Tiiis  work  may  be 
considei'ed  as  being  fully  en  rapport  with 
the  views  of  the  present  day.   We  can  con- 
fidently recommend  the  work  as  well 
worthy  of  reference,  and  as  a  valuable 
addition  to  any  medical  man's  or  student's 
library.' — Medical  Press  and  Circdiab. 

'  This  commentary  -nTll  take  high  rank 
as  a  book  of  reference  as  well  as  a  student's 
manual.  It  reflects  the  highest  credit  on 


the  learning  and  acumen  of  the  author. 
To  it  future  writers  on  materia  medica 
will  turn  with  confidence  and  ynH  not  be 
disappointed  ;  whilst  any  diligent  student 
would  do  well  to  make  it  his  text-book, 
and  any  practitioner  ■noU  find  it  a  valuable 
addition  to  his  library.' — Doctob. 

'  Both  interesting  and  instructive.  "We 
know  of  no  work  so  well  calculated  to 
explain  the  PbaiTaacopoeia,  and  at  the 
same  time  to  make  its  study  attractive. 
"We  recommend  this  work  very  cordially.' 
— Chemist  and  Druggist. 


DB,.  W.  DOMETT  STOWE. 

An  Epitome  of  Therapeutics.  Being  a  Compr alien sive 
Summary  of  the  Treatment  of  Disease  as  recommended  by  the 
leading  British,  American,  and  Continental  Physicians.  By  W. 
DojiETT  Stone,  M.D.,  F.E.C.S.,  Honorary  Member  of  the  CoUege 
of  Physicians  of  Sweden ;  Physician  to  the  Westminster  Greneral 
Dispensary ;  Editor  of  the  '  Half- Yearly  Abstract  of  the  Medical 
Sciences.'    Crown  8vo.    8s.  Qd. 

'  Practitioners  who  have  not  read  widely, 
nor  witnessed  the  practice  of  different 
schools,  ■\vill  be  pleased  with  the  jvidicious 
selection  of  medical  opinions  compiled  by 
Dr.  Stone,  who  has  had  experience  in 
selecting  when  editor  of  the  lately  discon- 
tinued '  Half- Yearly  Abstract.'  In  this 
volume  he  has  applied  that  experience  to 
collect  from  books  of  permanent  value  the 
salient  points  of  treatment  advised  by  their 
authors.  He  does  this  with  much  skill. 
.  .  .  Practitioners  may  safely  trust  to  Dr. 
Stone's  book,  for  we  find  it  accurate.' — 
Medical  Press  and  Cihodlar. 

'  Dr.  Stone  has  done  the  work  he  allotted 
himself  carefully  and  well.  .  .  .  The  book 
wUl  undoubtedly  be  recognised  by  the 
busy  practitioner  as  a  valuable  addition  to 
his  store  of  therapeutical  knowledge.' — 
Glasgow  Medical  Journal. 

'In  the  conception  of  the  form  and 
character  of  this  book  Dr.  Domett  Stone 
has  made  a  capital  hit.  .  .  .  There  can  be 
no  doubt  but  that  it  will  prove  eminently 
useful.'— Medical  Times  and  Gazettb. 


'  A  valuable  and  interesting  book.  .  .  . 
The  student  and  medical  practitioner  will 
find  this  work  full  of  valuable  information. 
.  .  .  "We  can  highly  recommend  it  to  our 
readers.' — Edinburgh  Medical  Journal. 

'  In  these  days  of  spurious  literature  it  is 
satisfactory  to  come  across  a  medical  work 
that  is  found  after  examination  to  be  what 
it  professes  to  be.  .  .  .  The  value  of  this 
book,  especially  to  the  young  practitioner, 
is  inestimable.  .  .  ,  "We  feel  certain  that 
the  verdict  of  the  profession  will  be  that 
Dr.  Stone  has  done  the  work  exceedingly 
well.  .  .  .  Every  page  bears  evidence  of 
the  extensive  reading  and  sound  judgment 
of  the  compiler  in  selecting  his  authorities. 
.  .  .  "What  the  ready  reckoner  is  to  the 
merchant  and  accoimtant  the  "Epitome 
of  Therapeutics  "  is  calculated  to  be  in  the 
case  of  the  medical  practitioner.' — The 
Student's  Journal. 

'  To  refresh  the  memory  and  aid  us  with 
suggestions,  the  volume  will  prove  a  valu- 
able addition  to  the  busy  practitioner's 
library.' — Dublin  Joue.Medical  Science. 


DB.  OCTAVIUS  STUBGES. 

An  Introduction  to  the  Study  of  Clinical  Medicine: 

being  a  Guide  to  the  Investigation  of  Disease,  for  the  Use  of 
Students.  By  Octatius  Stuhqbs,  M.D.  (Cantab.),  F.E.C.P., 
Physician  to  Westminster  Hospital.    Crown  8vo.    4s.  Qd. 


'  Extremely  useful  to  all  students  who  in 
taking  cases  must  necessarily  follow  a  simi- 
lar, if  not  exactly  the  same  mode.  Nor  is  it 
only  to  the  student  that  this  book  is  likely 
to  be  of  use  ;  many  practitioners  will  find 
their  diagnosis  all  the  Inore  clear  and  their 
ideas  of  the  nature  of  then-  patient's  Ill- 


ness probably  much  more  definite  from  a 
little  attention  to  the  logical  mode  of  in- 
quiry laid  down  in  it.' — EniNBUHGn  Medi- 
cal Journal. 

'  "We  are  much  pleased  with  Dr.  Sturges' 
book  and  cordially  recommend  it,' — 
Doctor. 


The  Watural  History  and  Eolations  of  Pneumonia :  a 

Clinical  Study.  By  Octavius  STtrnons,  M.D.,  F.R.C.P.,  Physician 
to  the  Westminetor  Hospital.    Crown  8vo.    10s.  Qd. 

On  Chorea  and  Whooping  Cough.    Crown  8vo.    3s.  Qd. 
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DB.  WALTER  HAYLB  WALSHE. 

A  Practical  Treatise  on  the  Diseases  of  the  Heart  and 

Great  Vessels :  including  the  Principles  of  their  Physical 
Diagnosis.  By  "Walter  Haylb  Walshe,  M.D.  Fourth  Edition, 
thoroughly  Eevised  and  greatly  Enlarged.    Demy  8vo.  16s, 

A.  Practical    Treatise   on  Diseases    of   the  Lungs : 

including  the  Principles  of  Physical  Diagnosis  and  Notes  on  Climate. 
By  Walter  Hatle  Walshe,  M.D.  Fourth  Edition,  Eevised  and 
much  Enlarged.    Demy  8vo.  16s. 

DR.  J.  CRICHTON"  BROWNE. 

West    Riding    Lunatic    Asylum    Medical  Reports. 

Edited  by  J.  Crichton  Browne,  M.D.,  F.R.S.E.  Vol.  III.,  1873. 
Containing  14  Papers  upon  Mental  and  Nervous  Physiology  and 
Pathology,  by  Professors  Turner  and  Ferrier,  Drs.  Clifford  Allbutt, 
Hughlings-Jackson,  Milner-Fothergill,  and  the  Medical  OflScers  of 
the  Asylum.    Demy  8vo.    8s.  &d. 

West    Riding    Lunatic    Asylum    Medical  Reports. 

Vol.  IV.,  1874.  Edited  by  J.  Chichton  Browne,  M.D.  Containing 
12  Papers  upon  Mental  and  Nervous  Physiology  and  Pathology,  by 
Drs.  Carpenter,  Hughlings-Jackson,  Lauder  Brunton,  Ferrier, 
Milner-Fothergill,  and  the  Medical  Officers  of  the  Asylum. 
Demy  8vo.    8s.  Qd. 

West    Riding    Lunatic    Asylum    Medical  Reports. 

Vol.  v.,  1875.  Edited  by  J.  Crichton  Browne,  M.D.  Containing 
15  Papers  upon  Mental  and  Nervous  Physiology  and  Pathology,  by 
Professor  Ferrier,  Drs.  Merson,  Hughlings-Jackson,  Miilner- 
Fothergill,  Major,  Arbuckle,  Wallis,  and  the  Medical  Officers  of 
the  Asylum.    Demy  8vo.    8s.  &d. 

West  Riding  Lunatic  Asylum  Medical  Reports. 
Vol.  VI.,  1877.  Edited  by  J.  Chichton  Browne,  M.D.,  and  Her- 
bert Major,  M.D.  Containing  13  Papers  on  Mental  and  Nervous 
Physiology  and  Pathology  by  Drs.  Major,  Clapham,  Rabagliati.  Lewis, 
Lawson,  Merson,  Sutherland,  Clarke,  Crichton-Browne,  Fothergill, 
Hughlings  Jackson,  and  the  Medical  Officers  of  the  Asylum. 

DR.  C.  T.  WILLIAMS. 

The  Influence  of  Climate  on  the  Prevention  and 

Treatment  of  Pulmonary  Consumption.  Lettsonian  Lectures 
for  1876.  By  Charles  Theodore  Williams,  M.A.,  M.D.  Oxon., 
F.R.C.P.,  Physician  to  the  Hospital  for  Consumption  and  Diseases 
of  the  Chest,  Brompton.    Crown  8vo.  55. 

LTTTLETON  S.  PORBES-WIlSrSLOW,  M.B. 

Manual  of  Lunacy:  a  Handbook  relating  to  the  Legal 

Care  and  Treatment  of  the  Insane  in  the  Public  and  Private 
Asylums  of  Groat  Britain,  Ireland,  United  States  of  America,  and 
the  Continent.  By  Ltttlbton  S.  Forbes-Winslow,  MB.  and 
ML.  Cantab.;  M.R.C.P.  London;  D.C.L.  Oxon.  With  a  Preface 
by  Forbes  WiNSLOw,  M.D.    Post  8vo.    12s.  6c?. 

DR.  H.  C.  WOOD,  JIJN. 

A  Treatise  on  Therapeutics.  Comprising  Mafcevia  Medica 
and  Toxicology,  with  Especial  Reference  to  the  Application  of  the 
Physiological  Action  of  Drugs  to  Clinical  Medicine  By  H.  C. 
Wood  jun.,  M.D.    Now  Edition,  Enlarged.    8vo.  14s. 
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